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1. Introduction 


The abrupt change in many physico-chem- 
ical properties (refractive index, freezing 
point, conductivity, osmotic pressure, visco- 
sity, surface tension, absorption spectrum 
of dye etc.) and the appearance of colloidal 
properties have been attributed to the aggre- 
gation of paraffin chain salts into micelles 
and the concentration at which such change 
occurs has been termed the critical concen- 
tration for the formation of micelles. 

With respect to the aggregation number of 
paraffin chain salts in aqueous solutions, it 
has become clear that the aggregation num- 
ber is represented by a counter balance be- 
tween the electrical work due to the aggre- 
gation of charges in the “ heads” of paraffin 
chain ions and the decrease of the short- 
range non-electrical energy due to the ag- 
gregation of hydrocarbon portion'”, i.e., the 
decrease of oil-water interface. The electri- 
cal work which will be compeled at the micelle 
formation of paraffin chain salts (ions) in- 
creases much more rapidly than the aggre- 
gation number, while the decrease of the 
cohesive energy at the micelle formation is 
approximately proportional to the aggrega- 
tion number. Hence, the energy decrease of 
the short-range force accompanied by the 
increase of one paraffin chain ion in the 
micelle becomes definite, while the energy 
increase of electrical force becomes greater 
with the increasing number of aggregations. 

The increase of aggregation number, there- 
fore, must be stopped, when the micelle is 
enlarged to the right size. If the aggrega- 
tion number increases more than this, the 
energy depression per paraffin chain ion pas- 
sing from the bulk of the solution into the 
micelle begins to decrease and the miceile of 
such an aggregation number can not exist. 
This is the reason why a paraffin chain salt 
shows a definite number of aggregation and 
a distinct critical micelle concentration at a 
given temperature. Thus the critical micelle 
concentration of a paraffin chain salt in 
equilibrium with its micelle is analogous to 


P. Debye: J. Phys. & Colloid Chem, 53, 1 (1949). 
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the solubility of ordinary substances in equi- 
librium with a separate phase. As the micelle 
formation is a reversible process, a_ paraffin 
chain salt in the bulk of the solution must 
be in equilibrium with the salt in the micelle. 
The critical miceile concentration can be 
calculated by equating the partial potential 
of a paraffin chain ion in the buik of the 
solution and that in the miceile.* 


2. Energy Change at the Micelle 
Formation 


In the present paper, a cylindrical double 
layer model has been adopted as the micelle 
shape, its thickness is just twice the length 
of the long-chain salts molecule. We may 
express the total energy change at the micelle 
formation, FE, in terms of electrical energy, 
E., and the short range cohesive energy, En. 

A paraffin chain salt consists of the non- 
polar portion of hydrocarbon chain and the 
polar ionic group. If it is assumed that the 
former is a cylinder of radius % and length 
7, the following values are given using sur- 
face-chemical data. . 

1=1.3xmA, 
So= 170? = 20.5A? 
%o = 2.56A 
number of carbon atoms 
hydrocarbon chain, So is 
the cross-sectional area of a hydrocarbon 
chain, and % is its radius. Above the critical 
micelle concentration scores of these deter- 
gent molecules are aggregated to the micelle. 
If the micelle consists of m molecules of 
paraffin chain salts, the area of the cross 
section of this cylindrical micelle is so/2, 
and the radius becomes 
R=(nsSo/27r)'/? (3.2) 
Although the edge of an actuai micelle may 
probably be more circular than this model, 
calculation will be made according to this 
cylindrical double layer model. The side area 
of this cylindrical micelle is : 
S=421(nso/27r)'/? X 1.3mA. (3.3) 

The total inter-facial energy at the side of 

a cylindrical micelle is 


(3.1) 


where m is the 
which construct a 


1(So/27)'/?2 X 1.3m 


1.3X 227% 


(2n)'/?m0 
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where o» is the non-electrical work required 
to take one methylene radical from the 
micelle to the bulk of the solution, the de- 
nominator of the left-hand side of (3.4) being 
equal to the area per methylene radical. 

As to the estimation of » we have given 
attention to the fact that the solubility ratio 
of homologous aliphatic compounds into water 
diminishes to about 1/3 with the increase of 
each methylene radical.” 

That is w=1.08RT. 

The total energy decrease due to the short- 
range force is given as follows, considering 
that the short-range energy depression per 
paraffin chain molecule is m~» and using (3.4), 

Enn=nmv—(2n)'? mew (3.5) 
Here E»m is the short-range energy decrease 
at the micelle formation when the aggrega- 
tion number is 7. 

In estimating the electrical work due to 
the micelle formation we have neglected 
the interection between the two end discs, 
because there is an experimental fact that a 
non-polar oil such as benzene or hexane 
which is solubilized between the monolayer 
of the micelle shows an increase of x-ray 
spacing, but shows only a slight effect on 
the critical micelle concentration.*”» 

Let us now calculate the electrical energy 
due to one disc, assuming that the disc has 
a uniform charge density, 7. Consider a sur- 
face element P on the end of a small disc, 
at a distance x from the center of the disc, 
as shown in Fig. 1. 





Fig. 1. disc 


The area, at the distance of r~v-+dy from P 
on this small disc is 

2cos ~(v/2x)r dr 
and if we assume the surface charge density 
of this disc to be o, the potential at the sur- 
face element P due to this portion is 
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2 cos —'(r/2x)ro2drxd@dx 
Dr 


Integrating all over the small disc, and 
then integrating all over the disc, we obtain 


(NS /2n)1/2 pow py = , ji 
[ . (" \" 2 cos ~'(r/2x)ra2drxd0dx 
Jo An) 0 Dr 


(3.6) 


C(ms /2%)1/2 
0 


\" 40°x" aodx 


~0 -O D 

(ME [2EU/2 So? gaz (2ns0)"/?0" 
Be 1; (3.7 
), Dp °*> 3Dzx'? 


This is the electrical energy for the forma- 
tion of one disc, which is composed of 2/2 
molecules. The total electrical energy for 
the formation of micelle, Eye, is twice this. 

Then we must consider the effect of an 
ion atmosphere. The correct treatment of 
the ion atmosphere is, however, not yet 
achieved and we have adopted an experi- 
mental parameter to express the effect of 
the ion atmosphere. That is to say, a rea- 
sonable constant must be multiplied to the 
electrical energy term at the micelle forma- 
tion. Experimental constants given by Cor- 
rin and Harkins® for the effect of added 
salts on the critical micelle concentration are 
adopted as the parameter, considering that 
each long-chain ion instead of contributing 
a charge e to the micelie, would contribute 
less charge than this because of the adsorb- 
ed gegenions: * 

Thus the total energy change at the micelle 
formation is 

Ey = Enmt Enc=nmw—(2n)'?m» 
— VY 2 0? K2n'/25,54/?/3Dz' + ne’x/3D 
(3.8) 

With respect to the value of AK reference 
may be made later, (4.7). The electrical 
energy of the long-chain ion in the bulk of 
the solution is expressed by e?«/3D. 


3. Aggregation Number and the Critical 
Micelle Concentration 

The aggregation number might be explain- 
ed by the counter balance between the short- 
range energy and the electrical long-range 
energy. From this point of view it may be 
said that the micelle which requires maximum 
energy to take out one paraffin chain salt 
molecule must be the most stable, and the 
aggregation number is calculated by differ- 
entiating the energy for the micelle forma- 
tion with respect to the aggregation number 
as follows.” 

6) M.L. Corrin and W. D. Harkins: J. Am. Chem. Soc., 
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OE» = Mw — mw/(2Npy)'/? 
On 

—2Y 20°K?m's)/?/ D2"? + e«/3D 

= max (4.1) 
and 


En / — a aie. “ee 2 ’ 
: =mo/V 2 ny*/2 —2V0 2 6? K?sy*/2/ D2"? ng'” 


2 


n- 
=f) (4.2) 
Calculating (4.2) we obtain the aggregation 
number of the micelle, 
My) = mMaD2'(?/407K?s93? (4.3) 
Substituting 2, (4.3) into the equation (4.1), 
we obtain 


=mo—V 2meo/n'2+e@x/3D (4.4) 


OE ng. 

on 
This is the maximum energy difference be- 
tween the paraffin chain salt in micellar 
state and in non-aggregated state. Those 
micelles which would require maximum 
energy are certainly most stable, and other 
micelles which are smaller or larger will tend 
to increase or decrease their aggregation 
number until they assume the right size. 
This condition is given in (4.3), and the 
critical micelle concentration will be given 
by using (4.4). 

As the micelle formation is a reversible 
process, naraffin chain salts in the bulk of 
the solution are in statistical equilibrium” 
with those in the micelle. The critical micelle 
concentration can be obtained by equating 
the partial potential of each state. The rela- 
tion has been derived already in the previ- 
ous paper.*» That is 

log C=log 1000/v—(X —X’)/kT-1 (4.5) 
Where X—%’ is the energy difference between 
the paraffin chain ion in the micellar state 
and that in the solute state; v is free vol- 
ume per molecule; C is the critical micelle 
concentration in moles per liter. 

Substituting the relation (4.4) into the 
equation (4.5), we obtain 
log C=log 1000/Nv—mw/RT+1/ 2 ma/io'? kT 

-¢e«/3DkT —1 (4.6) 
Introducing w=1.08kT, D=80.8 
o=e 20.5A 2, e@=4.8x107'" esu, and 
So=20.5A2 into (4.3) we obtain m, and then 


introducing m into (4.6) and assuming 
Nv=10c.c., we obtain 
log C =3.60 —1.08m-+-2.77m'/?K —0.77C'”? — 1(4.7) 


where AK is 0.57 for fatty acid soaps and 0.46 
for sodium alkyl sulfate. Critical micelle 
concentrations of common soaps are calculatd 
using these values. 


4. Qualitative Discussion of the Effect of 


Added Salts, Polar Oil and Non-polar Oil 
1) The paraffin chain ions aggregated into 
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the micelle attract the gegenions to posi- 
tions near the micelle surface. But the ge- 
genions, which tend to move away by thermal 
agitation, also attract the paraffin chain ions 
and tend to take them away from the micelle. 
This is one of the reasons why the ionic 
detergents are much more soluble into water 
than non-electrolyte of the same hydrocar- 
bon chain length. As the adsorption of ge- 
genions to the micelle increases with the in- 
creasing concentration of added gegenions, 
the aggregation number of long-chain ions 
in the micelle increases according to (4.3), 
and the critical micelle concentration de- 
creases with the increase of the aggregation 
number according to (4.6). In other words 
the decrease of the critical micelle concentra- 
tion in the presence of added salts is due to 
the decrease in the repulsive forces between 
the polar head groups of the molecules (ions) 
in the micelle. As the same ions are apart 
from the micelle due to the Coulombic re- 
pulsive force, the effect of salts is independ- 
ent of the kind or valency of the ions of the 
same sign and only depends on the concen- 
tration and valency of gegenions. 

2) Solubilization of polar compounds such 
as alcohols, fatty acids, etc. can be consider- 
ed to involve penetration into the palisade 
layer of the micelle rather than incorpora- 
tion into the micelle center.*? Thus the ef- 
fective charge density on the micelle surface 
decreases with the increase of the penetra- 
tion of the polar-nonpolar molecules into the 
micelle. If the mole fraction of alcohols 
penetrated into the micelle is x, the charge 
density will become from o to (1—x)o, and 
the aggregation number of paraffin chain 
salts increases according to (4.3), and the 
critical micelle concentration decreases ac- 
cording to (4.3), (4.6) and the free energy of 
mixing.*? 

3) The extensive x-ray work of many in- 
vestigators'’"‘® shows that the nonpolar oil 
enters the hydrocarbon center of the micelle. 
Thus the solubilization of nonpolar molecules 
does not affect the charge density, but only 
affects the interaction between discs. Since 
the thickness of the micelle is just twice the 
length, of the paraffin chain salts, the repul- 
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sion due to the same ions between discs and 
the attraction due to the gegenions around 
the micelle may be ignored, and the interac- 
tion between discs is supposed to be small. 
This anticipation coincides with the experi- 
mental results that the critical micelle con- 
centration decreases slightly with the added 
hydrocarbons.*!) 


Summary 


The cylindrical double layer model for the 
micelle was adopted and the aggregation 
number was calculated by the condition that 
2E,/on?=0, and by using the aggregation 
number given by the above condition, an 
equation for the critical micelle concentra- 


15) H. B. Klevens: J. Phys. & Colloid Chem., 54, 1012 
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tion was derived. This equation shows that 
the critical micelle concentrations depend on 
the number of carbon atoms in the hydro- 
carbon chains and not on the kind of gegen- 
ions of the same valency. Moreover, the ef- 
fect of added salts, polar oil and nonpolar 
oil on the aggregation number and on the 
critical micelle concentration in aqueous solu- 
tion of paraffin chain salts was discussed 
qualitatively. 


The expense of this research has been 
partly defrayed by the Ministry of Educa- 
tion, to which our thanks are due. 
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It was reported by Y. Uzumasa and T. 
Okura”, that on boiling alkaline solution 
containing the copper sub-group ions in the 
presence of thiourea, sulfides precipitate in 
crystalline and easily filterable form. These 
authors suggested that a new method of 
qualitative analysis without using hydrogen 
sulfide might be possible by the homogeneous 
precipitation with this reagent. 

The author made, following this sugges- 
tion, a thorough study on the conditions for 
the complete precipitation of copper sulfide 
and for the quantitative separation of copper 
in the presence of other cations such as 
nickel, cobalt, zinc, manganese, calcium and 
magnesium. Finally the author found that 
the use of urea and ammonium chloride 
together with thiourea made this trial suc- 
ceed. Urea® added to the acidified solution, 
when boiled, gradually diminishes the hydro- 
gen ion concentration in the solution, owing 
to its hydrolytic decomposition, and the 
proper conditions for the complete precipita- 

1) On September 26, 1952, part of this paper was read 

before the Meeting of the Hokkaido Section of the Chemical 

Society of Japan. 4 

2) Y.Uzumasa and T, Okura, This Bulletin, 23, 153 (1950). 

3) The characteristic separation method trom homogeneous 

solution by urea has been developed by H. H. Willard and 

others. H. H. Willard and N. K. Tang, J. Am. Chem. Soc., 

59, 1190 (1937); H.H. Willard and N. K. Tang, Ind. Eng. 

Chem., Anal. Ed., 9, 357 (1937 H. H. Willard and J. I 

Sheldon, Anal. Chem., 22, 1162 (1950); H. H. Willard, Ana/ 

Chem., 22, 1372 (1950); L. Gordon, Anal. Chem., 24. 459 


(1952). 





tion of copper sulfide by thiourea are at- 
tained. Thus the satisfactory results were 
obtained in the case of copper alone, but the 
separation of copper is less satisfactory in 
the presence of other cations. 

The selective reactions of thiourea against 
cations”, or formation of metal sulfides are 
promoted with the increase of PH value in 
the solution. At a desirable high pH range, 
coprecipitation of some cations with copper 
sulfide occurs and unsatisfactory results as 
mentioned above are obtained. To avoid 
this, the increasing tendency of pH caused 
by the decomposition of these reagents should 
be controlled so as to be in the lower limit 
of pH value required for the formation of 
copper sulfide. The addition of ammonium 
chloride to the homogeneous solution con- 
taining these reagents successfully solves 
this problem. The realization of this opti- 
mum fH value is ascribed to the buffer ac- 
tion of urea and ammonium chloride. 


Experimental 


(A).—Complete 
sulfide. 

Materials.—Pure cupric oxide, ignited at 900°C., 
was dissolved in hydrochloric acid and the solu- 
tion was diluted with water to a liter. The 
copper solution thus prepared was found to be 


precipitation of copper 


4) J. H. Yoe and L. G. Overholser, Ind. Eng. Chem., 
Anal. Ed., 14, 435 (i942). 
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free from other metallic ions. The concentration 
was determined as cupric oxide. Thiourea was 
recrystallized from water, while urea from 
ethanol. 


Experimental Procedure.—Approximately 300 
ml. of solution containing about 50mg. of copper 
together with 2 grams of urea and one or more 
ml. of 10%thiourea solution, was placed in a 500 
ml. Erlenmeyer flask. The solution was properly 
adjusted to give the desired initial ; H value with 
diluted hydrochloric acid or alkali hydroxide solu- 
tion. The homogeneous solution thus prepared 
was then heated to boiling point. A white tur- 
bidity first appeared, which gradually blackened 
upon the formation of copper sulfide. The solu- 
tion was kept boiling, about thirty minutes later 
the black precipitate appeared, then it was cooled 
and kept at room temperature for one hour. The 
precipitate aggregated at the bottom of the flask 
was dense and not bulky. 

The precipitate was filtered off, and washed 
with water. Unlike the precipitates formed by 
hydrogen sulfide, this precipitate was not oxidized 
by air, and no peptization was noticed during 
filtration and washing. The precipitate was ig- 
nited, and weighed as cupric oxide. pH values 
of the filtrates or solutions were measured with 
a glass electrode pH meter throughout this study. 


(1). Quantity of Thiourea Required.—To find 
out the most suitable quantities of thiourea for 
precipitating copper, a series of experiments were 


conducted. The results obtained are given in- 


Table 1. These results indicate that more than 
1.7 of the mole ratio of thiourea added to copper 
are required to obtain accurate results. Although 
an excessive reagent seems to be harmless for 
the quantitative precipitation of copper, it is de- 
sirable to avoid an exceedingly excessive use, as 


“J 
“Ni 


it makes successive analytical procedures com- 
plicated. The proper amount required for 50 mg. 
of copper is 1 ml. of 10% solution of thiourea. 


TABLE I 
RELATION BETWEEN QUANTITY OF Cu AND 
THIOUREA ADDED (CuO Taken 62.6 mg.) 


10% thiourea solution CuO Diff 
added, found, ; 

ml. mole ratio mg. mg. 

to Cu 

0.6 1.0 61.9 0.7 
0.8 id 62.7 +0. 1 
1.0 LF 62.8 +0. 2 
2.0 3.4 62.9 +0.3 
3.0 ae 62.5 0.1 
1.0 6.8 62.8 +0.2 


Initial pH of the solution is 4.0. Boiling dura- 
tion is 30 min., and urea added is 2 g./300 ml. of 
the total volume. 


(2). Relation between Final pH Value, and 
Urea Added.—As urea forms ammonia and 
carbon dioxide or ammonium carbonate gradually 
with hydrolysis, the resulting pH values of the 
solution depend on the molar concentrations of 
urea added. Table II shows the effect of varied 
quantities of urea on the final pH value. Final 
pH values of the solutions containing less than 
15g. of urea were low, and experimental errors 
were negative. It should be noted that copper is 
completely precipitated when pH is above 8.0 and 
the concentration of urea added is over 0.08 in 
molar concentration. As the length of time nec- 
essary for the appearance of copper sulfide pre- 
cipitate was found to differ from each other, 
boiling should be continued for thirty minutes or 
more in each case. 


TABLE II 
RELATION BETWEEN FINAL pH, AND UREA ADDED (CuO taken 62.6 mg./300 ml.) 


Urea added, Final pH, 


g- mol. x 102/1. 
0.5 2.8 4.48 
1.0 5.6 7.85 
1.3 8.4 8. 00 
2.0 11.2 8. 48 
2.9 14.0 8.84 
3.0 16.8 9.00 


Time elapsed 
from boiling to 


CuO found, Diff. the appearance 
of black 
turbidity 

mg. mg. min. 
61.5 1.1 15 
61.9 0.7 10 
62.4 0.2 *§ 
62.6 +0.0 > 
62.5 0.1 5 
62.6 +0.0 3 


Initial pH of the solution is 4.0, thiourea added is 1 ml. of 10% solution. Boiling was con- 
tinued for 30min. or more after first black turbidity appeared. 


(3). Effect of Duration of Boiling.—Table III 
gives the results for the various durations of 
boiling. The precipitation, at the urea content of 
2.0g., was found to be complete after thirty 
minutes from the appearance of black turbidity. 
Continuing the boiling, the precipitates coagulated 
and settled to the bottom of the flask. When the 
copper content is about 50mg., boiling for forty 
minutes is ideal for practical purposes. Further 


experiments confirmed that sixty minutes of boil- 
ing is needed for 100mg. of copper. 
TABLE III 
EFFECT OF BOILING DURATION (CuO 
taken 60.9 mg.) 


Boiling CuO found, Diff. 
duration 
min. mg. mg. 
15 60. 0 —0.9 
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30 60.8 0.1 hydrolysis of urea neutralizes the hydrogen ion, 
15 61.2 +0.3 resulting pH value of solutions with lower initial 
60 60.7 0.2 pH do not reach to the extent of complete pre- 
60 60.9 +0.0 cipitation. In the case of the initial pH 1.6, a 
60 61.1 +0. 2 white turbidity appeared after the solution began to 


Initial »H of the solution is 4.0, urea added is 
2.0 g./300 ml. of the total volume, and thiourea 
added is 1ml. of 10% solution. 

(4). Effect of initial pH Value.—Table IV 
shows that the amount of copper precipitated is 
affected by the initial , H of the homogeneous 


solution. As the hydroxyl ion evolved with the 


TABLE 


boil, and took nearly thirty minutes till the black 
colored copper sulfide appeared. When the in- 
itial pH value was lower than 2.6, the coagulation 
of copper sulfide was incomplete. It is revealed 
that the precipitation is completely carried out 
when the initial , H value is regulated at 4.0 or 
more. 


IV 


EFFECT OF INITIAL pH VALUE (CuO taken 62.6 mg.) 


Initial pH, Final pH, 


CuO found, 


Time elapsed 
from boiling to 
Diff. the appearance 
of black 
turbidity. 


mg. mg. min. 
1.6 7.00 60.6 2.0 30 
2.0 7.24 60.9 a € 15 
2.6 7.60 61.7 0.9 7 
3.4 8. 00 62.3 -0.3 5 
1.4 8.55 62.5 0.1 S 
5.2 8. 80 62.4 0.2 2 


Urea added is 2g./300 ml. of the total volume, and thiourea added is 1 ml. of 10% solution. 


Boiling was continued for 30min. or more after first black turbidity appeared. 


(B).—Separation of Copper From Other 
Metals. 

(1) Preliminary Investigation: 
tween final pH, and ammonium chloride. 

In order to ascertain the influence of the other 
cations, 50 mg. of copper was precipitated follow- 
ing the above mentioned procedure from the solu- 
tion containing 0.5 ¢. of one of other cations re- 
The precipitates thus formed were 
which compared 


Relation  be- 


spectively. 
ignited to weight, 
with that obtained in the case where copper 
was found that calcium and ma- 


constant 


alone exists. It 
gnesium had no affect, whereas the coprecipitated 
95¢ 


amounts of cobalt as well as nickel were % 


while zinc and manganese were 70% and 1% re- 
spectively. Because of the interferences of these 
other cations, the procedure resulted in unsatis- 
factory separation of copper. To avoid these in- 
terferences, various amounts of ammonium chlo 
ride (from 0.5 to 4.0 g.) were added to the solution 
and boiling was continued to complete precipita- 
tion. Converse to the amount of ammonium 
chloride, the quantity of the coprecipitation grad 
ually diminished, and satisfactory results were 
obtained by adding 2.0¢. of the salt. 

To determine the influence of the amounts of 
ammonium chloride upon the final H value and 
the precipitation of copper, two series of attempts 
were made in which various amounts of ammon- 
ium chloride were added to the solution contain- 
ing 62.0 mg. of cupric oxide, and 2 g. of ammonium 
chloride was added to the solution containing 
various concentrations of copper. The former 
results are shown in Fig. 1, and the latter in 
Table V. Fig. 1 indicates that the final H value 
of the solution decrease with the increase of 


ammonium chloride added, and the addition of 
more than 2g. of it tends to make the pre- 
cipitation less satisfactory. Table V_ indicates 
the relations between various concentrations of 
copper and the final pH. In order to guard ag- 
ainst any reduction of the quantity of the pre- 
cipitate, 2g. of the salt is ideal, and in this state 
final pH is 8.0. 
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Relation between final pH, quan- 


Fig. 1. 
tity of copper 
chloride added 
Curve A. The final pH versus the amount 
of amm. chloride added. 
Percentages of precipitates 
versus the amounts of amm. 
chloride added. 

Quantity of amm. chloride added (g./300ml.) 


precipitated, and amm. 


Curve B. 
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TABLE V 
RELATION BETWEEN VARIOUS CONCENTRATIONS 
OF COPPER AND FINAL pH VALUE 


Cu taken,’ Final pH, Cu found, Diff. 
g./300 ml. g. mg. 
0.0102 9.07 0.0102 +0.0 
*0. 0102 7.93 0.0102 +0.0 
0. 0204 9.00 0. 0204 +0.0 
*0. 0204 7.94 0. 0207 +0.3 
0. 0489 8. 85 0. 0492 +0.3 
*0. 0489 7.90 0. 0489 +0.0 
0. 0978 8. 60 0. 0976 0.2 
*0. 0978 7.85 0.0975 0.3 


* indicate the solution to which 2g. of amm. 
chloride was added. 


2) Quantitative Separation of Copper from 
Various Kinds of Metal.—Using the above proce- 
dure, copper was separated and determined from 
the solution containing various kinds of metal. In 
all cases, 2g. of ammonium chloride were added 
and the first precipitation was made from a 
volume of 300ml. From the filtrate, a second 
precipitate was obtained and determination was 
performed as follows. Nickel was determined as 
nickel dimethylglyoxime. Cobalt was preicpitated 
by means of a-nitroso-s-naphthol, ignited and weig- 
hed as cobalto-cobaltic oxide. Zinc was precipitat 
ed as zinc ammonium phosphate, dried at 105°C. 
and weighed. Manganese was determined volu- 
metri- cally by the bismuthate method as _ usual. 
Calcium was precipitated as oxalate and weighed 
as oxide. Magnesium was determined as magne- 
sium hycroxyquinolate dihydrate. 

Table VI indicates that approximately 10 to 100 
mg. of copper can be satisfactorily separated from 
the above metals, provided that the metals exist 
at the following range: nickel, approx. 60 mg.; 
cobalt and zinc approx. 20mg.; manganese, ap- 
prox. 30mg.; allowable 
in a considerable indicates the 


calcium and magnesium, 


Fig. 2 
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+15 









COCA 
PTET TT ert 
COCA 
et 
PEE 
/2ameneeLe 


a |B 
oS 


0 20 40 60 80 100 


(mg.) 


precipitate 







Difference in the amount of 





Fig. 2. Interfererces of cobalt, zinc, and 
manganese 

Curve A.—Cobalt added, 0.0260 g. 

Curve B.—Cobalt added, 0.0444 g. 

Curve C.—Manganese added, 0.0556 g. 

Curve D.—Zinc added, 0.0390 g. 
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interferences of cobalt, zinc, and manganese, of 
which the coexisting amount is larger than that 
taken above. It was found that errors in the 
case of zinc greatly depend upon the amounts of 
copper taken, but not so much in the case of 
manganese. 
TABLE VI 
DETERMINATION OF COPPER IN THE 
PRESENCE OF OTHER METALS 


Diff. 
Copper taken Other metals —_—_- 
added, Cosser Other 
PPT. metals. 
0.0102 0.0608 Ni +0.0 0.1 
0. 0204 ” +0. 1 -0.2 
0. 0489 * 0.1 0.3 
0. 0978 ~ 0.3 0.1 
0. 0102 0.0133 Co +0.3 +0.2 
0. 0204 ” +0.0 +0.0 
0. 0489 ” +0.6 +0.0 
0. 0978 ” +0.5 +0. 1 
0.0102 0.0195 Zn t 0.0 0.1 
0. 0204 - 0.2 +0.0 
0. 0489 2 +Q.4 0.3 
0. 0978 - +0.7 0.6 
0.0102 0.0278 Mn 0.1 t+ 0.0 
0. 0204 - +0. 1 0.1 
0. 0489 ” +0.0 0.1 
0. 0978 o 0.1 0.3 
0. 0102 0.0673 Ca + 0.3 +0.2 
0. 0204 s +0.2 0.1 
0. 0489 ° +0.0 0.2 
0. 0978 - +0.3 +O. 1 
0. 0102 0.1362 Ca +0.3 0.2 
0. 0204 ” +0.2 + 0.0 
0. 0489 ” +Q.1 +0. 1 
0. 0978 » 0.2 +0.3 
0. 0102 0.0347 Mg +0.2 0.1 
0. 0204 Re +0. 2 0.3 
0. 0489 ” 0.2 +0. 1 
0. 0978 » 0.2 0.1 
0.0102 0.0695 Mg 0.3 0.2 
0. 0204 e 0.2 + 0.0 
0. 0489 ” +0.2 +0.3 
0. 0978 ” +0.0 0.3 
Summary 


Quantitative separation of copper as sulfide 
was made from homogeneous solution con- 
taining thiourea, together with urea and am- 
monium chloride. It was found, that with 
boiling, the solution adjusted to a pH 4.0 in 
forty minutes or more after the first ap- 
pearance of biack turbidity; the precipitate 
is obtained in an easily filterable and wash- 
able form. Addition of ammonium chloride 
was found very effective in the presence of 
some cations. The amount of 10 to 100 mg. 
of copper could be satisfactorily separated 
from calcium and magnesium, and the sepa- 
rabilities from nickel, cobali, zinc, and man- 
ganese were examined in the presence of 
ammonium chloride, and their allowable am- 
ount of coexistence in quantitative separa- 
tion was determined. 

The author hereby wishes to express his 
sincere thanks to Prof. Yasumitsu Uzumasa 
of Hokkaido Univ. for his kind guidance and 
encouragement. 


Laboratory of Chemistry, Hokkaido 
Gakugei University, Asahigawa 
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Surface Chemistry of High Polymers. III. Some Relationships between the 
Moiiolayer of Non-electrolytic Linear Polymers 


By Hiroshi HoTTA 


(Received July 18, 1953) 





In the previous papers'” we have studied 
the monolayer of copolymers of vinyl acetate 
and stearate at the air/water and oil/water 
interfaces to obtain information for the gen- 
eral behaviour of the non-electrolytic linear 
polymer. As a result of studying afterwards 
some other similar linear polymers, we found 
some interesting relationships between them. 
Therefore, we shall describe these results as 
the addendum to the previous studies. 


Experimental 


We measured the surface pressure by the hang- 
ing plate method, and the surface potential by 
the vibrating electrode method at the air/water 
interface at room temperature (10~15°C.), and the 
interfacial pressure by the ring method at the 
petroleum ether (b.p. 100~140°C.)/water interface 
at about 20°C. The apparatus and procedure 
were almost the same as in the previous papers'!»?), 
but the specific caution for each individual polymer 
and some modifications for the rise in accuracy 
were taken. 

Polymethyl methacrylate was spread on distilled 
water from benzene solution, polyacrylonitrile 
from dimethylformamide solution, and amilan (e- 
aminocaproic acid polymer) from the solution in 
a mixture of concentrated sulphuric acid (10%), 
isopropy! alcohol (50%), and water (40%), respec- 
tively. Polymethacrylic acid was spread on ca. 
0.01 N HCl from aqueous 20% pyridine solution. 

Materials—Polymethyl methacrylate was re- 
precipitated with methy! alcohol from the benzene 
solution of acommercial product. Polyacrylonitrile 
was kindly supplied by Prof. M. Imoto in Osaka 
City University. Amilan was the same as in the 
preceding paper.2) Polymethacrylic acid was 
prepared by the usual method by Mr. S. Otsuka 
in our institute. Although the degrees of poly- 
merization of these samples were not properly 
measured, it is sure that they are far greater 
than the corresponding value in Table II to be 
discussed below. 


Results and Discussion 
Polymethyl Methacrylate and Undissociated 
Polymethacrylic Acid at the Air/water 
Interface : 
The observed surface pressure-area curves 
and surface potential-area curves of poly- 
methyl methacrylate and undissociated poly- 


1) T. Isemura, H. Hotta and T. Miwa, This Bulletin, 26 
380 (1953). 
2) H. Hotta, ibid, 26, 386 (1953). 
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methacrylic acid are shown in Figs. 1 and 2, 
respectively, in which the result of polymethyl 


Surface pressure in dynes/cm. 





0 10 20 x0 Ww 


Area in 42/residue 
‘ig. 1. The surface pressure-area curves 
of polymethyl methacrylate (- ---) and 
polymethacrylic acid on pH 1.6 (——) 
at the air/water interface 
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Fig. 2. The surface potential (4V) or sur- 
face moment (u)-area curves of poly- 
methyl methacrylate (----) and poly- 
methacrylic acid on pH 1.6 (——) at the 
air/water interface 
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methacrylate is shown by a dotted line and 
is. almost identical with that reported by 
other investigators.**? Especially, the relia- 
ble surface potential could not be obtained 
up to 25 A?/residue, similar to Crisp.*? On 
the contrary, the curve for polymethacrylic 
acid could be obtained reliably at the wider 
range. The latter film might be sufficiently 
undissociated under the present condition as 
mentioned in the following paper.” 

When we summarize the present results 
as well as the previous one,'? the surface 
moment of some linear polymer films, calcu- 
lated by the usual method as mentioned in 
the previous paper, was various in spite of 
their similar formulas as shown in Table I, in 
which the surface moment at the both areas 
of 25 A? and 50 A? per residue is listed in 
mD unit in parenthesis in the corresponding 


TABLE I 
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column and the carbon atom in the main 
chain is shown by C. The surface moment 
of polyvinyl alcohol in this table, which is 
quoted from the result of Crisp,* is corrected 
for residual acetate groups. On the other 
hand, the bond moment of C=O and C—O 
in vacuo is 2.5 and 0.86 D. unit, respectively.” 
Therefore, on considering these magnitudes 
and the orientation of these polar bonds at 
the air/water interface, their most plausible 
models consistent with the observed value 
of their surface moment as shown in Table 
I are proposed to make clear the differences 
between them. The area, from which the 
reliable surface moment could be obtained, 
is given in Table I. The physical meaning 
of these areas will be given in the next sec- 
tion. 


THE SURFACE MOMENT OF POLYMERS AT 


THE AIR/WATER INTERFACE 


Surface moment (in mD unit) 
and the corresponding model 


Area, from which 
the reliable 


Polymer nn Oe na ie surface moment Literature 
at 2o A* sid = 50 A? can be obtained 
per residue (in Xo unit) 
Cc Cc 
l 
Polyviny! alcohol O (40) O (40) 50 (4) 
H H 
CH, CH 
Cc Cc o 
Undissociated polymethacrylic C-O (90) C-O (90) 65 rhe 
acid / present 
O O 
H i 
CH 
Cc . a The 
Polymethy! methacrylate d _ (250) 29 present 
0 Oo 
CHs c CH; 
Polyvinyl acetate ce £ (260) ‘O—C 4 (340) 70 (1) 
r O 
oOo oO 
Ci7H; C,;7H 
Polyvinyl stearate Cc C (260) c (260) Ss) (1) 
Oo O oO oO 
CH; CyisHs; CH; CysH¢7 
} | | | 
Cc O Cc O : 
Polyoctadecyl methacrylate Cc? (460) C/ (460) 15 (4) 
O O 


3) H. G. Saraswat and A, Kalyanasundaren, J. Polymer 
Sci., 7, 325 (1951). 
4) D. J. Crisp, J. Colloid Sci., 1, 161 (1946). 


5) T. Isemura, H. Hotta and S, Otsuka, to be published 
in This Bulletin. 
6) C. P. Smyth, J. Am. Chem. Soc., GO, 183 (1938). 
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It is understood, first of all, by the low 
bond moment of C—O .in comparison with 
that of C=O, that polyvinyl alcohol has the 
lowest surface moment in these polymers. 
Next, the various surface moments among 
polymethyl methacrylate, polyvinyl acetate 
and stearate and polyoctadecyl methacrylate 
in spite of their similar formula, can be 
understood by the present models in this 
table, that is, these models are designed so 
as to have a higher surface moment with 
the increase of the inclination of C=O bond, 
and a similar surface moment for a similar 
inclination. The remarkably low surface 
moment of undissociated polymethacrylic 
acid may be attributed to the _ horizontal 
orientation of C=O bond. The difference of 
the limiting area between polymethyl 
methacrylate and polymethacrylic acid shown 
in Fig. 1 is also understood in the light of 
these models. The difference of the surface 
moments of polyvinyl acetate at 25 A’ and 
at 50 A® per residue is understood by using 
these models in consideration of their high 
flexibility as discussed thoroughly in the 
preceding papers.’ The difference of the 
surface moment of polyvinyl stearate from 
that of polyoctadecyl methacrylate was 
already discussed in the previous paper.” 
Polymethyl Methacrylate and _ Polyacrylo- 

nitrile at the Petroleum Ether/water In- 

terface: 

The observed interfacial pressure-area 
curves of polymethyl methacrylate and poly- 
acrylonitrile at the petroleum ether/water 
interface are shown in Fig. 3. We had to 
wait 25 minutes for the perfect spreading of 
them prior to every successive measurement. 


Interfacial pressure in dynes cm. 


0 20 10 60 80 100 


Area in AZ residue 
Fig. 3. The interfacial pressure-area 
curves at the petroleum ether/water 
interface: curve a, polymethyl metha- 
crylate and curve b, polyacrylonitrile 
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Polyacrylonitrile could not be spread at the 
air/water interface. We calculated their 
statistical kinetic unit at the oil/water in- 
terface by inserting the results into the 
equation of 


ee eG 
7A=*) 1+-7-) (1) 


and extrapolating to infinite area as shown 
in Fig. 4, where z is the interfacial pressure, 
A the area per residue, ” the degree of 
of polymerization of this unit, and 6 an in- 
teraction constant. The explanation of this 
equation is described in detail in the preced- 
ing paper.”? The results shown in Table II, 
give the various values for the number of 
atoms in the main chain of this statistical 
kinetic unit, %atom. In this table, the datum 
for polyvinyl acetate reported in the previous 
paper is also shown for comparison. The 
value for amilan was measured over again 
as mentioned in the next section. 


TABLE II 
THE STATISTICAL KINETIC UNIT OF LINEAR 
POLYMER AT THE OIL/WATER INTERFACE 


Natom 


(n)Auo (The number of 

Polymer in equation atoms in the 

(1) main chain of 

this unit) 
Polyvinyl acetate 19 37 
Polymethyl methacrylate 23.5 17 
Polyacrylonitrile 26.5 73 
Amilan  (¢-aminocaproic 

acid polymer) 6.9 18 


In these polymers as shown in Table II, 
polyvinyl acetate gives the film of perfectly 
expanded type and the same surface pres- 
sure-area curve at the air/water and oil/ 
water interfaces as mentioned in the pre- 
ceding paper. Amilan and_ polymethyl 
methacrylate give the film of condensed type 
at the air/water interface, and the expanded 
film at the oil/water interface as shown in 
figures. Polyacrylonitrile can not be spread 
at the air/water interface, but gives the 
film of considerably condensed type even at 
the oil/water interface as shown in Fig. 3, 
and this film gives the negative slope in 
Fig. 4. Both the latter polymers take 25 
minutes for perfect spreading at the oil/ 
water interface, but the former both poly- 
mers can spread within 10 minutes. On the 
other hand, the areas, from which the relia- 
ble surface moment begins to be obtained, 
are shown in Table I. 

When we compare the relationship between 
the type of film, the time needed for perfect 
spreading, the largest area per residue for 
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giving the reliable surface moment and the 
value of Matom, We notice that they are not 
independent of each other. That is, each 
quantity serves as a measure showing how 
the molecules are flexible (or rigid), or, how 
much they are interacted mutually, accom- 
panying the effect of linkage as discussed in 
detail in the preceding paper.2? With in- 
creasing flexibility, the surface pressure and 
the largest area for reliable surface moment 
increase, and the time for perfect spreading 
and the value of Matom decrease. The more 
quantitative interpretation of Matom will be 
given in the following paper. 
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Fig. 4. The 7A curves of polymer 


at the petroleum ether/water interface: 
curve a, polymethyl methacrylate and 
curve b, polyacrylonitrile 


The slightly negative slope of polyacrylo 
nitrile in Fig. 4 seems to be due not to im- 
perfect spreading, but to the increasing 
degree of condensation of film, on comparing 
the kink point in Fig. 3 with that of poly- 
methacrylic acid in Fig. 1, which has no side 
chain in the surface as polyacrylonitrile. It 
is also consistent with the fact that poly- 
acrylonitrile is insoluble except in dimethyl- 
formamide. 


Surface Chemical Effect of Hydrolysis of 

Amilan-in Dilute Surphuric Acid: 

When we studied the monolayer of amilan 
in the preceding paper,” it was spread from 
the solution in 10% surphuric acid. Since it 
is well-known that the molecular weight of 
amilan decreases in surphuric acid by hydro- 
lysis,”> we examined this effect on its film 
by the above-mentioned methods. These 


7) K. Hoshino and M. Watanabe, J. Chem. Soc. Japan, 
70, 170 (1949); J. Am. Chem. Soc., 73, 4816 (1951). 
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results are shown in Figs. 5, 6 and 7 as the 
function of surface area per monomer. 


in dynes/cm. 


pressure 


Surface 


80 





Area in A? per residue 
Fig. 5. The surface pressure-area curves 
of amilan at the air/water interface: 
curve a, within a first month, curve b, 
after 4 months and curve c after 8 
months 
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Fig. 6. The interfacial 
curves of amilan at the petroleum ether, 
water interface: curve a, within a first 
month, curve b, after 4 months and 
curve c, after 8 months 


pressure-area 


The surface pressure-area curves at the 
air/water interface suffered no change with- 
in a month after preparing the solution and 
the curves were quite identical with the 
curve shown in Fig. 5. It has a kink point 
at 35 A2, below the area of which the pres- 
sure changed considerably with time. How- 
ever, the curves obtained by using the solu- 
tions stood over four or eight months after 
preparation (curves b and c in Fig. 5), were 
lower in surface pressure than curve a, and 
there was no kink point in the former curves. 
On the other hand, the curves at the petro- 
leum ether/water interface were also essen- 
tially unchanged within the first month. 
However, the kink point disappeared gradual- 
ly with the age of the solution as shown in 
Fig. 6. Nevertheless the values of Watom in 








84 Hiroshi HOTTA 


Table II were not affected even after 8 
months. 
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Fig. 7. The surface potential or surface 
moment of amilan at the air/water in- 
terface 


The corresponding surface potential-area 
curves were almost unchanged even after 4 
months as noticed from Fig. 7, and the 
reliable surface, potential could be obtained 
from about 80 A’. However, the saturated 
tendency of surface potential at the area 
smaller than 23A”, became gradually indistinct 
with the age of the solution. On the other 
hand, the surface viscosity measured by the 
oscillating disk method is rapidly raised from 
about 80 A*.*? 

From these facts, it is concluded that there 
are two characteristic points, namely, 35 A” 
and 80 A? in amilan film at the air/water 
interface. The former corresponds perhaps 
to the intrachain transition as mentioned 
in the preceding paper. On the other hand, 
as the film is compressed, the polymer mole- 
cules at the surface begin to contact each 
other, and to construct a loose but homo- 
geneous network structure. Such an area, 


8) T. Isemura and K. Hamaguchi, to be published in This 
Bulletin. 
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where the homogeneous interchain structure 
is completed, corresponds to the latter char- 
acteristic point, from which the surface 
potential can be obtained reproducibly and 
the surface viscosity is rapidly raised. 

Although it has been mentioned above 
that the effect of hydrolysis was not so re- 
markable during the first month, the observed 
values in the repeated experiments were 
fluctuated from the standard curve with the 
lapse of time, and the transition points be- 
came gradually indistinct with age. The 
surface pressure was fairly lower even in 
curve a in Fig. 5 than that reported by Ise- 
mura and Hamaguchi.” It might be due to 
either the strong hydrolysis in the initial 
period or to the difference of solvent and con- 
centration at spreading. 


Summary 


1. The various surface moments of like 
polymers can be understood in the light of 
the models in Table I, which are designed 
by considering the orientation of C=O bond 
at the interface. 

2. The flexibility of polymer film can be 
measured not only by surface pressure but 
also by the time for perfect spreading, the 
largest area from which the reliable surface 
moment can be obtained, or the number of 
atoms in the main chain of the statistical 
kinetic unit. 

3. The effect of hydrolysis of a milan solu- 
tion by sulphuric acid on its film was ex- 
amined. 


In conclusion, the author expresses his 
hearty thanks to Prof. T. Isemura for his 
kind guidance throughout the present work, 
and to Prof. M. Imoto of Osaka City Univer- 
sity and Mr. S. Otsuka in our institute who 
kindly supplied the present samples. The 
cost of this research has been partly defrayed 
from the grant for Scientific Research En- 
couragement from the Ministry of Education 
given to Prof. T. Isemura, to whom the 
author’s thanks are due. 

The Institute of Scientific and 
Industrial Research Osaka, 
University, Sakai, Osaka 


9) T. Isemura and K. Hamaguchi, This Bulletin, 25, 40 
(1952). 
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Enzymatic Reduction of Aromatic Nitro Compounds 


By Ikuo YAMASHINA 


(Received July 23, 1953) 


There have been found only two nitro 
compounds in nature, e.g. #-nitro-propionic 
acid and chloramphenicol, but it is well known 
that many species of micro-organisms have 
the ability to reduce aromatic nitro com- 
pounds. The bacterial reduction of chloram- 
phenicol is considered to be one of the rea- 
sons for the tolerance.'?? And it is also 
known that in animals, amino-, hydroxyl 
amino and azoxy compounds are excreted in 
urine when aromatic nitro compounds are 
administered*. 

In our laboratory, Egami, Ebata and Sato 
prepared a cell-free bacterial enzyme prepara- 
tion which accelerates the reduction of chlo- 
ramphenicol and other aromatic nitro com 
pounds”. However, the present author has 
found that the cell-free extract*’ of a halo- 
tolerant bacterium, Bacillus pumilus var., has 
a stronger activity. Utilizing the enzyme 
preparation of the bacterium, the author 
studied the nature of the enzyme system and 
at the same time reinvestigated the identity 
of nitrite reductase and the enzyme “ nitro- 
reductase” because the identity was suggest- 
ed by Egami and others in our laboratory. 
It may be worthy to note here that the bac- 
terium has a series of enzymes participating 
in the successive reduction of nitrate to am- 
monia® and has a strong activity of denitri- 
fication”. 


Experimental 


Extraction of Nitro-Reductase.— The bacteri- 
um was cultured on peptone-bouillon agar contain- 
ing 10% NaCl, and 1% KNO; at 37°C. After 40 
~50 hours the cultured cells were gathered, wash- 
ed with 10% NaCl by centrifugation and then 
lyophilized. A clear enzyme solution was obtain- 
ed by extracting the lyophilized cells with 107! Mm 
phosphate buffer solution (pH 6.8, 50~100 mg. 
cells/cc.) overnight. 


Methods of Measurements.—The enzyme ac- 
tivities were measured under anaerobic condition 
by using Thunberg tubes at 37°C. Before the 


1) G. N. Smith and C. S. Worrel, Arch. Biochem., 21, 
216 (1949). 
2) F. Egami, M. Ebata and R. Sato. Nature, 167, 118 
(1951); J. Agr. Chem. Soc. Japan, 25, 347 (1952). 

3) R. T. Williams, G. T. Mille and H. J. 
Biochem. J.. 38, 73 (1944 

4) S. Taniguchi, H. Mitsui, J. Toyada, Y. Yamada, and 
F. Egami, J. Biochem., 40, 175 (1953). 

5) I. Yamashina, unpublished. 
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estimation, the reaction mixture (6~7 cc.) was de- 
proteinized by Cd(OH), gel, which was formed by 
adding 2cc. CdSO, solution (CdSO, 13g. in 300 cc. 
H,O containing 20 cc. N H2SO,) and 0.5cc. N NaOH 
to the reaction medium. When the dyes such as 
methylene blue or nile blue were employed, Japa- 
nese acid clay or Kaolin was used as the adsorb- 
ingagent. The measurements of the reaction were 
carried out by the determination of the amino com- 
pounds formed, or bypolarography of the remain- 
ing nitro compounds**). The methods of the deter- 
mination of various amino compounds are as 
follows: 


p-» m-Aminobenzoic Acids (PABA, MABA) 
and p-Aminosalicylic Acid.-The solution con- 
taining amino compounds (8cc.) was diazotized by 
adding lcc. 6 N HCI and 0.5cc. 0.2% NaNOz at 
room temperature. After 15 min. excess nitrite 
was removed by some solid aminosulfonic acid. 
Then, 0.5 cc. 0.2% f-diethylaminoethyl-a-naphthyl- 
amine oxalate was added and the optical density 
of the red dyes formed was measured by Cole- 
man’s spectrophotometer at 650 mz. 


o-Aminobenzoic Acid.—In place of 6N HCl, 
2N HCl was employed and diazotization was car- 
ried out under cooling in ice water. And the 
measurement of the optical density was carried 
out after keeping the solution for 15~20 hours at 
37°C. after the addition of the coupling agent. 


m-Aminophenol*).—Diazotization was carried 
out under cooling in ice water and the optical 
density was measured at 570 mu after keeping the 
coupled solution for 15~20 hours at 37°C. 

p-Aminophenol.*)—To the solution of p-amino- 
phenol were added 2cc. 1N NaeCOs, 0.4cc. 5% 
phenol, 2cc. 0.1% K;Fe (CN)s and 1.6cc. dist. 
water. After 30 min. the measurement of the 
optical density was carried out at 650 mz. 

Measurement of the Reduction of Chloram- 
phenicol’>.—The solution of the reduction product 
of chloramphenicol was treated similarly as the 
solution of PABA. By the measurement of the 
optical density of the red dye formed, the relative 
velocity of the reduction of chloramphenicol could 
be estimated. But, for the determination of the 
absolute velocity polarography was employed. So, 
after the removal of most of the dyes by some 
Japanese acid clay, the test solution was deoxy- 
genated by the stream of Hz gas for 15 min. and 
measured by SHIMAZU’s polarograph. 


6) J. E. Page, J. W. Smith and J. G. Waller, J. Phys. & 
Colloid. Chem., 53, 545 (1949). 

7) J.W.Smith and J. G. Waller, Trans. Farad. Soc., 46, 
290 (1950). 

8) D. Robinson, J. N. Smith and R. T. Williams, Biochem. 
J., BO, 221 (1951). 

9) G. B. Hess, Analyt. Chem., 22, 619 (1950). 
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Results and Discussion 


Reaction System!”:!!)!2.|5),—It is known that 
the enzymatic reductions of nitrate, nitrite 
and hydroxylamine proceed according to the 
following reaction system: 

Substrate—Reductase—Intermediary— 
Hydrogen Carrier—Dehydrogenase 
Hydrogen Donator. 

So, in the case of aromatic nitro compounds 
the existence of a similar reaction system 
was expected and it was really ascertained 
(Table I, Fig. 1). 


AMA, p I 
Fd 
50 rr 


a nein 
—¢ 1M 
1 2 hr. 
Fig. 1. The formation of PABA at 
various conditions (Table 1) 






TABLE I 
I WW IV V VI VII 
Substrate 1 l 1 1 1 — 1 
(PNBA 6x 107 mM) 
Reductase*! ] - 1 ] 1*3 } 1 
H. Carrier ] l ] - 1 1 1 
(Nile Blue 2107 mM) 
Dehydrogenase*2 l 1— 1 ] ] ] 
HC N 
(C2H5)2N’ al O ‘NHz 


brilliant cresyl blue 


E\(pH 7.0 30°C.) + 0.047. volts 


It is interesting to note that the _ nitro- 
reductase requires the specially shaped mole- 
cule, oxazine ring, as the intermediary 
hydrogen carrier. But, as to the relation 
between the velocity of the reaction and the 
concentration of dyes, a marked difference 
has been observed between two dyes; in the 
case of nile blue the activity was proportional 


10) B. B. Westfall, J. Pharmacol., 79, 23 (1944). 

11) B. B. Westfall, J. Pharmacol., 78, 386 (1943). 

12) E. Bueding and N. Jolliffe, J. Pharmacol., 88, 300 
(1946 


13) V. H. Parker, Biochem. J., 51, 363 (1952). 
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Buffer 1 1 1 ] 1 1 1 
(107! M, pH 6.8, phosphate) 
H. Donator 1 1 1 1 ] 1— 
(107'M, HCOONa) 
H,O — 1 Lt &@ — 4&8. kee. 


*] The enzyme extracted from halotolerant 
bacterium 

*2 Lyophilized cells of Pseud. fluor. (5 mg/cc.). 

*3 heated at 100°C, for 5 min. 

Intermediary Hydrogen Carrier.— As inter- 
mediary hydrogen carriers, brilliant cresyl 
blue, thymol blue, o-chlorophenolindophenol, 
methylene blue, K-indigotetrasulfonate, nile 
blue, neutral red, pyocyanine and _ several 
pteridine derivatives were tested. Among 
these substances only nile blue and brilliant 
cresyl blue were effective (Fig. 2). The struc- 


HMA, 


300| 
WB. 


200 





1 2hr. 


Fig. 2. The formation of PABA in the 
presence of various hydrogen carriers 
(3x 10™M) 
tures and the redox potentials of these two 
dyes are as follows: 


(CoH;)2N7 “ SO7 “ NN 
nile blue 


—0.125 volts 


to the concentration, on the other hand, in 
the case of brilliant cresyl blue there was an 
optimum (Fig. 3). The natural hydrogen 
carrier we have not yet investigated, how- 
ever, coenzymes such as DPN and FAD may 
be supposed to function in the reduction of 
nitro compounds in vivo. 

Reaction by the use of leuco dyes.—In 
order to ascertain the reaction system above 
mentioned, it was tested whether the reaction 
proceeds in accordance with the following 
simple system ; 


March, 1954] 


MMA, 
300 


200 


180 


SS ee. 


300 600 uM, 


Fig. 3. The relation of the formation of 
PABA and the conc. of hydrogen car- 
riers 


Substrate—Nitro-Reductase—Leuco Dyes. 
The leuco base of nile blue or brilliant blue 
was prepared by the catalytic reduction, Pa- 
BaSO, being used as the catalyser. In the 
case of the nile blue, the enzymatic reduction 
of PNBA was confirmed. An example was 


uMy, 





1 2 br. 


Fig. 4. The formation of PABA with 
leuco dyes as hydrogen donators System: 
Substrate (61073 M) 1 cc., Reductase 1 
cc., Leuco Dye (10°?M) 2cc., Buffer 1 
cc. 


shown in Fig. 4, but the curve of the forma- 
tion of amino compounds plotted against time 
was not always monotonous. It may be at- 
tributed to the low solubility of leuco nile 
blue in neutral solution, especially in the 
presence of phosphate. Accordingly, it is 
unsuitable to use leuco nile blue for the in- 
vestigation of the reaction velocity. On the 
other hand, in the case of brilliant cresyl 
blue, the enzymatic reduction of PNBA was 
not confirmed. This may be explained by 
the inhibitory action by the excess of. bril- 
liant cresyl blue mentioned above. From 
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these results it was concluded that the en- 
zymatic reduction of aromatic nitro com- 
pounds proceeds by the mechanism analogous 
to that of nitrate, etc. 

Michaelis constants were obtained graphi- 
cally from PS-activity curve in the enzymatic 
reduction of o-, m-, and p-amino-benzoic acid 
(Fig. 5). 


1/V | 


| 
| ONBA 
0.100} 


MNBA 


PNBA 
0.050 


— 





1/S 
imal 4_—____— — sochiemnime 
1000 3000 
Fig. 5. wv=the formation of amino benzoic 


acids (o-, m-, p-) in 1 hr. in «M/L. 
s=the conc. of substrates (M/L.) 


Specificity, Especially the Relation to Nit- 
rite Reductase.—Various aromatic nitro com- 
pounds such as o-, p-, m-nitro benzoic acids 
(ONBA, PNBA, MNBA), m-, p-nitrophenols, 
p-nitro salicylic acid. and chloramphenicol 
were reduced to the respective amino com- 
pounds by the enzyme system mentioned 
above. In the series of nitro benzoic acids 
the ratio of the reduction velocities at the 
same concentration of the substrates was o-: 


m-: p-=0.25: 0.78: 1.00. 
According to Michaelis equation 
» kES 
S+Km 


using each Kw values, the ratio of the velo- 
city constants (Rk) was estimated. 


o-:m-:p- = 05:12:10 


If K» values or the ratio of k values were 
estimated on many nitro compounds, the 
material for discussing the problems as to 
the combination of enzyme and its substrate 
or the influences of the substituents in the 
reducibility of nitro group could be obtained. 

The enzyme solution which was used as 
nitro-reductase contained also active nitrite 
reductase. Moreover, as the intermediary 
hydrogen carrier in nitrite reduction, various 
substances besides nile blue, brilliant cresyl 
blue and methylene blue are effective. On 
the other hand, it was previousiy shown that 
methylene blue was not effective in nitro 
reduction. Now, the competitive inhibition 
of enzyme action by nitrite reported”? was 
reinvestigated and confirmed (Fig. 6). The 
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effects of aromatic nitro compounds on nitrite 
reduction were studied as follows. In these 
experiments, the hydrogen carrier being ef- 
fective in both cases, nile blue was used and 
as the carrier effective only in nitrite reduc 
tion, methylene blue was used (Table II). As 


TABLE II 
THE DEGREE OF INHIBITION OF NITRITE 


REDUCTION BY NITRO COMPOUND 








(PNBA) 

Conc. of nitrite (M/L.) 

Conc. of ae 

PNBA 107% 1072 
(M/L.) — —— 
N.B M.B. N.B M.B. 
107% 5% O% 5% 0 
107 1() 0 60 0 


shown in Table II, only in the presence of 
the common carrier, nile blue, the competitive 
inhibition of nitrite reduction by aromatic 
nitro compounds was observed. These facts 


show the possibility of the presence of the 


Nitrite Nitrite Reductase M. B. 
(Carriers) 
Nitro Nitro Reductase N. B. 


Compds. 


Then, the effects of several inhibitors on 
the reduction of nitro compounds compared 
with that on nitrite reduction are as follows 
(Table III)*. In this case, the inhibition to 


TABLE III 
THE DEGREES OF INHIBITION BY SEVERAL 
INHIBITORS 


Nitro Nitrite 

KCN 107M 70% 10% 
NaN; 10°-2M 5 20 
NaF 1072?M 0 0 
Mn 107'M 0 R80 
Thiourea 10-2M 0 0 


formic dehydrogenase was negligibly small. 
In these data it is shown that the effects of 
Mn are remarkably different in the two cases. 

These results seem to be contradictory to 
the idea that nitrite reductase and _ nitro- 
reductase may be one and the same enzyme. 
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V/V | 6 





900+ 6 


| 
0.100+/ 


i ] Fe NO} 
H a oO 

ee 
Bo 


————E— | — 


300 1000 V/s 


NONE 


Fig. 6. v=the formation of PABA (uM/L.) 
in 1 hr. 
s=the conc. of PNBA (ML.) 


competition of the two different enzyme sys- 
tems to the common intermediary hydrogen 
carrier, as illustrated below: 


Dehydrogenase Hydrogen Donator 


Anyhow the final solution of the problem 
will be given by the separation of the 
enzymes. 

Discussion.—The results and the theories 
described above seem to be consistent with 
all of the previous reports on the reduction 
of aromatic nitro compound. E.g. furacin, 
by bacteria is also considered to take place 
by a simillar mechanism, taking into consid- 
eration the observations that the reduction of 
furacin by bacteria proceeds only in the pre- 
sence of oxazine dyes such as nile blue.'!7!® 


The author expects that aromatic nitro 
compounds are not directly but stepwise re- 


14 J. S. Gots, V. I Jordan and A. F. Brodie, Arch. 
Biochem., 26, 235 

15) J.S. Gots, R 
30, 25 (1951). 

16 J. S. Gots, R. E. Asnis and A. F. Brodic, Arch. 
Biochem., 30, 35 (1951). 





.E, Asnis and A.F. Brodie, Arch. Biochem., 
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duced to amino compounds, then there must 
be many reductases in the enzyme solution 
which may be named nitro-reductase, nitroso- 
reductase etc. 


Summary 


1) The enzyme “nitro-reductase”, which 
activates aromatic nitro-compounds and ac- 
celerates their reduction, was extracted from 
a halotolerant bacterium. 

2) The reduction proceeds by the mecha- 
nism analogous to that of nitrate reduction, 
namely, by the system consisting of nitro- 
reductase, intermediary hydrogen carrier, 
dehydrogenase and hydrogen donator. 

3) Oxazine dyes such as nile blue and 
brilliant cresyl blue are the only effective 
hydrogen carriers so far examined for the 
reaction. 

4) Various aromatic nitro compounds can 
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amino compounds by the 
Some kinetic studies were 


be reduced to 
enzyme system. 
performed. 

5) The relation between nitro-reductase 
and nitrite reductase, the identity of which 
was suggested formerly, was reinvestigated. 
The competitive inhibition of nitro reduction 
by nitrite was confirmed, but taking into 
consideration various experimental evidences, 
it may be concluded that the two enzymes 
are not identical. 


The author would like to thank Prof. F. 
Egami for his kind guidance and encourage- 
ment throughout this study. The expence 
of this study was defrayed in part by a 
grant from Japanese Biological Research 
Works, Ltd. and Seikagaku-Kenkyujo Ltd. to 
which the author’s thanks are due. 
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Etat du fer dans les eaux des lacs” 


Par Motoharu TANAKA 


(Regu le 


Des études récentes sur l'état de certains 
éléments dans Il’hydrosphére attirent de plus 
en plus l’attention des géochimistes.?”*? On po- 
urra y employer l’une des méthodes suivantes: 
1°) Pour déterminer la charge des colloides 
Somes Cataphorése 

2°) Pour la recherche quantitative des col- 
loides et des particules plus grosses...... 
ose green 
Résine a ion-échange 

3°) Pour étudier la valence et la liaison 
des éléments...... 
Analyse chimique 
| Mesure du potentiel d’oxydo-réduction 
Résine a ion-échange 
Polarographie* 

Toutes les eaux des lacs contiennent plus 
ou moins de fer dont l’agissement dans I’hy- 
drosphére nous intéresse particuli¢rement. 
Dans les eaux des lacs dont le fH est au 





voisinage de 7, le fer ferrique ne peut étre 
1) Ce rapport a été présenté a l’assemblée annuelle de la 
socicté chimique du Japon qui s’est tenue a Tokyo, au mois 
d’avril 1952. 
T. Kawamoto: Umi to sora (La mer et le ciel) 29, 24 
1952). T. Okura a fait une conférence sur l'état du fer dan 
les eaux naturelles au “‘Symposium” de la g@ochimie de la 
societé chimique du Japon, 4 Nagoya au mois de novembre 
1952. 


3) M. Le Peintre et H. R. Olivier, Compt. rend., 234, 
353 (1952). Ces 
pour déterminer la valence de l’arsenic dans 


auteurs se sont servis de la polarographie 
eau thermale 
a La Bourboule. 


5, Aodt, 1953) 


a état soluble sauf s'il forme un complexe 
quelconque (minéral ou organique). Le fer 
ferreux n’existe que dans la couche inféri- 
eure ou l’on ne peut déceler l’oxygéne qu’en 
trés petite quantité. Mais les expériences 
nous révélent qu’il existe du fer a toutes les 
couches d’eau. Ce fer est-il contenu dans 
les particules relativement grosses ou dans 
les particules plus petites? Est-il a l'état 
soluble formant des complexes minéraux ou 
organiques? Cet exposé a pour but d’éclair- 
cir ces questions. 


Expériences a l’aide de la centrifugation 


Au lac Aburagafuchi,‘»> nous avons pris 
trois échantillons aux profondeurs respectives 
de 0 m, 2 m, et 3 m de la superficie. Ces 
échantillons, centrifugés a 3500 révolutions 
par minute pendant vingt minutes, nous don- 
nent la teneur en fer inséparable par la cen- 
trifugation. Nous avons aussi évalué la te- 
neur en fer des eaux non-centrifugées. 

Cette expérience s’effectuant dans la péri 
ode de stagnation, on constate une diminu- 
tion d’oxygéne avec la profondeur d’un coté, 
et de l’autre un acroissement de la propor- 
tion de fer qui ne peut étre séparé de l’eau 


4) Ce lac se trouve prés de l’embouchure de la riviére 
, , 9 ‘ rn 
Yahagi, Préfecture d’Aichi. Sa profondeur maxima est 5, 5m 


et sa transparence souvent approche a plusieurs centimétres. 
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par centrifugation. Les figures du tableau 
I nous démontrent ce phénoméne. Ce fait 


TABLEAU I 
EXPERIENCE A L’AIDE DE LA CENTRIFUGATION. 
Le lac Aburagafuchi. Le 10, Sept. 1951. 
Centrifugation: 3500 Rev./min. 20 min. 


Proportion 
Profondeur : du fer 
*e(t)( Mee Oz (cc, 1) 
(m) Fe(t)(mg/l) inséparable 2\ 
(%) 
Om 0,67 17,8 eat 
2m 0,53 79,4 3,98 
3m 0,33 87,7 loo 


nous invite a croire que les grosses particu- 
les qui se trouvent prés de la superficie sont 
détruites au fur et 4 mesure de leur descente 
en donnant des particules plus fines. 


Etude par la méthode analytico-chimique 


Poursuivant davantage notre étude, nous 
avons défini les trois états du fer: 

1°) Fer qui réagit directement avec aa’- 
bipyridyle dans une solution tamponnée par 
l’acétate de sodium...... Fe(II) 

2°) Fer qui réagit avec aa’-bipyridyle 
apres la reduction de la solution 
Méthode: On ajoute, a 5 cc d’échantillon 

d’eau, 0,2cc d’acide chlorhydrique (6N) et 
0,3 cc de réductif (une solution saturée 
d’acide sulfureux). 10 minutes apres l’ad- 
dition de ces réactifs, on traite la solution 
par a@,a’-bipyridyle et une solution tampon 
d’acétate de sodium et on compare la colo- 
ration. 

3°) Fer dosé apres la fusion du _ résidu 

d’évaporation d’eau avec du pyrosulfate de 
sodium...... Fe(t) 
Ici, Fe(II) est la quantité de fer ferreux solu- 
ble (constante de dissociation 4,0 —8,7 x 107'° ®. 
Fe(s) signifie la quantité de fer ferreux et de 
fer qu’on peut rendre soluble facilement. 
Enfin Fe(t) désigne tout le fer qui existe 
dans un échantillon d’eau. 

Dans les couches supérieures le rapport 
Fe(s)/Fe(t) varie de quelques centiémes a 
quelques dixiémes (Fig. 1), mais progressive- 
ment avec la profondeur il approche du pour- 
centage 10074 dans la période de stagnation. 
Autrement dit, le fer soluble augmente avec 
la profondeur durant cette période. Dans la 
section précédente, nous avons observé que 
le fer inséparable par la centrifugation aug- 
mente en proportion du décroissement d’oxy- 
gene. Quant au Fe(s), il aussi s’enrichit dans 
les couches pauvres en oxygéne. D’un autre 
coté, dans ces derniéres couches s’accumulent 
des matiéres organiques qui peuvent stabiliser 
le fer en donnant des complexes ferriques, 
méme s‘ilest 4 l’état ferrique. On peut donc 


5) G. Baxendale, Trans. Faraday Soc., 46, 55, 736 (1950), 
Krumholz, Anais. Acad. Brasil Ciencias, 22, 263 (1959). 





TANAKA [Vol. 27, No. 2 
logiquement conclure que des matiéres org- 
aniques provoquent le déficit d’oxygéne et 
que dans le milieu pauvre en oxygene plus 
grande quantité du fer peut exister sans 
précipitation. 

Considérons la variation saisonniére de la 
teneur en fer au lac Aburagafuchi (Fig. 1): 
Au mois d’avril, au commencement de la 
période de stagnation, on ne peut déceler le 
fer ferreux dans la couche tout prés du fond, 
méme si l’on y voit le manque plus ou moins 
complet d’oxygene. Mais on y peut consta- 
ter une augmentation du rapport Fe(s)/Fe(t), 
et au mois de juillet et d’octobre ce rapport 
est tres proche de 1 dans les couches in- 
férieures au niveau d’oxydo-réduction. Au 
mois de novembre, aprés la circulation auto- 
mnale, on n’y trouve naturellment pas, au 
fond, la couche anaérobie, et on ne découvre 
pas une telle couche dans laquelle le rapport 
Fe(s)/Fe(t) est au voisinage de 1. 

Nous avons constaté le méme phénomeéne 
dans les autres lacs japonais, dont les résul- 
tats ne sont pas encore publiés. 


La teneur plus forte en fer observée 4 la 
superficie 


Des expériences essayées jusqu’a présent 
on conclut que plus on descend vers le fond, 
plus la teneur en fer augmente. Nous avons 
aussi constaté qu’ordinairement Fe(s) aug- 
mente avec la profondeur. Ayant fait des 
recherches dans les eaux de différents lacs, 
nous nous sommes trouvés en présence d’un 
phénomeéne non constaté jusqu’ici: celui de la 
présence d’une quantité notable de fer a la 
superficie (lac Aburagafuchi, sept. 1950: oct., 
nov. 1951: lac Kizaki,® oct. 1950; mai, sept. 
1951: lac Nakatsuna,® oct. 1950; mai, oct. 
1951). Cela s’explique: une grande quantité 
du fer contenu dans les particules apportées 
par les affluents et par les mouvements d’eau 
est a létat insoluble en milieu légerement 
acide (0,2cc de 6N HCl] dans 5cc de I’eau, v. 
plus haut). Méme si ce fer n’est pas a l'état 
soluble, la rapidité apparente de sa descente 
est ralentie par les vagues de la superficie. 
C’est pourquoi on y observe souvent une plus 
forte teneur en Fe(t). Cette explication s’ap- 
puie sur le fait que les eaux de la superficie 
contient une assez grande quantité de silice 
et d’aluminium, éléments constitutifs des 


6) Les lacs, Kizaki, Nakatsuna et Aoki, sont sit wis dans la 





prefecture de Nagano, le long de la v 
Alpes Japonaises du Nord. Nous en donnons ci-dessous quel- 
ques précisions morphométriques : 
Aoki Kizaki Nakatsuna 
km? 1,863 1,413 0,141 
Profondeur (m 62,0 29,5 12,0 
Altitude (m 822 764 815 


Ces trois lacs yt mis en communication par une riviere, 


Superficie 
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roches silicieuses (ou des argiles) (v. Tableau 





II). Les conditions météorologiques, le vent 
TABLEAU II 
LES TENEURS PLUS FORTES EN FER TOTAL, 
ALUMINIUM ET SILICE OBSERVEES 
A LA SUPERFICIE. 
a) Lac Aburagafuchi (le 1, Oct. 1951). 
Profondeur Fe (t)(mg/1) Al (mg;l) Si (mg/1) 
(m) ’ - 
0 0,90 0,80 742 
2 0,43 0,33 1,4 
3 2,42 0,28 1,6 
1 — 0,21 — 
41,5 17,8 0,53 
b) Lac Kizaki (le 19, Mai, 1951). 
Profondeur Fe (t)(mg,l) Al (mg/l) Si (mg/1) 
(m) ' 
0 0,17 0,17 >,6 
2,0 0,18 0,13 5,2 
5 0,19 0,14 
yf 0,08 Doe 
10 0,06 0,10 1,8 
aS 0,05 0,04 1.3 
15 0,07 0,09 1.3 
20 0,07 0,12 1,8 
28 0,45 0,25 1,8 
c) Lac Nakatsuna (le 21, Mai, 1951). 


Profondeur FE 


e (t)(mg,1) Al(mg,l) Si (mg/l) 


(m) 

0 0,15 0,30 5,8 
2,9 0,12 0,10 6,8 
5 0,11 0,19 5,8 
7,5 0,10 0,19 1,8 
10 0,19 0,17 6,4 


et les précipitations atmosphériques, naturel- 
lement entrent ici en cause. Au lac Yogo” 
qui n’a aucun affluent et qui est entouré de 
montagnes rocheuses (non argileuses), il est 
cependant intéressant de n’avoir pu découv- 
rir un tel phénoméne a la superficie (v. Tab- 
leau III). 


TABLEAU III 
DISTRIBUTION VERTICALE DU FER TOTAL, 
DE L’ALUMINIUM ET DE LA SILICE. 
(Lac Yogo). Le 21. Aodt, 1951. 


Profondeur 


Fe(t)(mg/L) Al(mg/L) Si(mg/L) 


(m) 

0 0,22 0,22 1,8 
ya 0,24 0,35 2,3 
5 0,27 0,25 2,9 
7,5 0,32 0,30 ra 
10 3,28 0,29 3,4 


Genese du fer ferreux dans les couches in- 
férieures 


Dans la couche prés du fond des lacs, s’ac- 


7 ( lac ve trouve dans la préfecture de Shiga, au nord 


= 
lu lac Biv Sa profondet 13 
du tac Biwa. Sa profondeur maxima est 13m. Les montagnes 


paleozoiques s‘pare nt le lac Yogo du lac Biwa. 
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cumulent le fer et le manganése* dans la 
période de stagnation estivale. On pensait 
depuis longtemps que la plupart de ces élé- 
ments étaient fournis par la vase. C’est a 
bon droit, mais dans le lac d’eau saumatre 
comme Aburagafuchi, ot les bactéries réduc- 
trices des sulfates sont trés actives, on ne 
peut doser le fer dans l’eau-pore (eau conte- 
nue dans la vase) de la vase qu’en hiver et 
toutes les particules y sont enveloppées de 
pellicules de fer sulfuré (v. Tableau V). Une 
telle vase ne peut donc fournir le fer ferreux 
dans les couches inférieures. D’un autre 
coté, on décéle une grande quantité de fer 
ferreux dans la couche prés du fond (v. 
Tableau IV). Cette quantité n’est pas inféri- 
TABLEAU IV 
QUANTITE DU FER PEREUX DANS L’EAU DE LA 
COUCHE PRES DU FOND. 
Epaisseur 


. de la 
LACS Yate Te 
Lac Date Fe(II)mg/1 cumiine 
anaérobie 
Aburagafuchi 10.Sept. max. 34,6 90 cm 
1950 
Kizaki 10. Oct. max. 31,3 25 cm 
1950 
Nakatsuna 14. Oct. max. 24,0 100 cm 
1950 
eure a celle des autres lacs d’eau douce. 
Dans ceux-ci, contrairement aux lacs d’eau 


saumatre, l’eau-pore de la vase contient plu- 
sieurs centigrammes du _ fer ferreux (v. 
Tableau V). 


TABLEAU V 
QUANTITE DU FER FERREUX DANS L’EAU-PORE 
DE LA VASE. 
Fe(II) dans 


Lacs l’eau-pore 
(mg/l) 
Aburagafuchi (lac d’eau saumatre) 
Période de stagnation <0, 02 


2,0~10,5 
17, 4~69, 0 
60, 7~70,9 


Aprés la circulation automnale 
Kizaki (lac d’eau douce) 


Nakatsuna (lac d’eau douce) 


Nous sommes alors conduits a la conclu- 
sion que la plus grande partie du fer ferreux 
dans la couche prés du fond provient des 
particules de la couche supérieure. 

En résumé, nous pouvons déduire qu’il ex- 
iste dans le lac d’eau saumatre un état sta- 
tionnaire donné schématiquement dans la 
Fig. 2. Mais dans les lacs d’eau douce comme 
Kizaki et Nakatsuna, par contre, il faut tenir 
compte de la quantité du fer fourni par la 
vase (Fig. 3). 


8) Par exemple, M. Tanaka, J. Earth Sciences, Nagoya 
University, 1, 119 (1953); F. Ruttner, Archiv. f. Lagerstitten- 
Sorschung, 75, 16 (1942); S. Yoshimura, Japanese J. Geol. 
Geogr, G6, 61 (1931). 
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Génése du fer ferreux dans le lac d’eau saumatre 
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Fell 
Vase 
v 
Fell 


Fig. 3. 


Génése du fer ferreux dans le lac d’eau douce. 


Résumé que le fer est rendu soluble au cour de sa 
descente progressive dans le lac. 

4°) Le fer ferreux dans les couches d’eau 
tout pres du fond: dans les lacs d’eau saum- 
atre, provient de la superficie; dans les lacs 
d’eau douce, il faut de plus tenir compte du 
fer fourni de la vase. 


1°) Nous proposons des méthodes de re- 
cherche de l'état d’un élément chimique dans 
Vhydrospheére. 

2°) Enemployant les résultats obtenus par 
la centrifugation et les méthodes analytiques, 
nous sommes conduits a la conclusion que 


plusieurs dizaines de pourcentages du fer Au terme de cet exposé, nous tenons 4a ex- 
contenu dans les eaux sunperficielles sont a primer a Monsieur le Professeur K. Sugawara 
l’état insoluble. Plus exactement, la constante qui nous a aidé de ses conseils trés précieux 
de sa dissociation est inférieure a 4,0~8,7 > et trés utiles, notre profonde gratitude. 
Lo. : Institut de Chimie, 

3°) Le rapport fer soluble-fer total, s’ap- Faculté des Sciences, 
proche de 1 avec la profondeur. Cela signifie Université de Nagoya 


Surface Chemistry of High Polymers. IV. The Monolayer of Polymeth-a 
crylic Acid and its Copolymers with Diethylaminoethyl Vinyl Ether at the 
Air/ Water Interface 
By Toshizo IsemMuRA, Hiroshi Horta and Seinosuke OTSUKA 


(Received August 20, 1953) 


As mentioned in the previous paper, there chemistry but also as an important model of 
are some investigations on the film of non- biocolloidal substances, as pointed out by 
electrolytic synthetic polymers.'~* There is, Katchalsky. For these reasons, we studied 
however, only a little investigation on that first the monolayer of polymethacrylic acid 
of synthetic polyelectrolytes.*”? The investi- (PMA) and its copolymers with diethylami- 
gation of the latter film has many interest- noethyl vinyl ether (DAV) at the air/water 
ing points not only as the pure physical interface, and investigated how the ionization 

of these polymers affects their behaviour at 

1 T. Isemura, H. Hotta and T. Miwa, This Bulletin, 26, the interface. The results obtained W ill be 

380 (1953 a . N pies ; 

: scribed in the present paper. The result 

2) H. Hotta, This Bulletin, 26, 386 (1953). desc rs I : : pa] , . 

3) H. Hotta, This Bulletin, 27, 80 (1954). at the oil/water interface will be published 

4) T. Ilsemura and K. Hamaguchi, This Bulletin, 25, 40 later. 

(1952); 26, 425 (1953) 

5) D. J. Crisp, J. Colloid Sci., 1, 49 and 161 (1946). Experimental 

6) T. Isemura and K. Hamaguchi, to be published in This ; . , . . 

Bulletin. The polymers used in the present investigation 

7) A. J. G. Allen and A, E, Alexander, Trans. Faraday ; 

Soc., 46, 316 (1950). 8) A. Katchalsky, J. Polymer Sci., 7, 393 (1951). 
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were prepared as follows. Polymethacrylic acid 
(sample M) was prepared by the usual method. 
Copolymers of methacrylic acid (MA) and di- 
ethylaminoethy] vineyl ther ((C2H;)z-N-C2H,-O-CH 
=CHs) (DAV) were prepared by two different 
methods. Sample L was copolymerized from an 
equimolar mixture of MA and DAV dissolved in 
60% aqueous methanol solution, using potassium 
persulphate as catalyst (0.2 mole percentage). On 
the other hand, sample K was copolymerized from 
an equimolar mixture of MA and DAV dissolved 
in N/2 hydrochloric acid, using potassium persul- 
phate as catalyst (0.1 mole percentage), and 
obtained as hydrochloric acid salt. The composi- 
tion of these copolymers, which was estimated by 
nitrogen analysis, is shown in Table I with the 
mean molecular weight per vinyl unit. The 
details of the copolymerization and the properties 
in the bulk phase of these copolymers will b« 
reported elsewhere. 


TABLE I 
THE COMPOSITION OF COPOLYMERS OF 
METHACRYLIC ACID (MA) AND 
DIETHYLAMINOETHYL VINYL ETHER (DAV). 


Sample Mole percentage of Mean molecular 
DAV incopolymer weight per vinyl unit 
K 31 112 
L 20 97 
M 0 86 


We measured their surface pressure by the 
hanging plate method, and their surface potential 
by the vibrating electrode method at room 
temperature (10-15°C.). The apparatus and proce 
dure for these measurements were almost the 
same in the previous paper!) except some modifi- 
cation for the development of accuracy. The film 
was spread from aqueous 20% pyridine solution 
on the aqueous phase at various pH, which was 
controlled with hydrochloric acid or sodium 
hydroxide, and determined by ‘‘ TOYO”’ test 
paper. 

Results 

The surface pressure-area curves and surface 
potential (or surface moment)-area curves on 
the aqueous phase at various PH are shown 
in Figs. 1, 2 and 3, and in Figs. 4, 5 and 6, 
respectively. Although the surface potential- 
area curves for sample K at fH 5.8, 8.0 and 
12.1 were not entirely identical with curve 
in Fig. 4, they were not essentially different 
from it. The surface moment-area curves, 
shown by dotted lines in the figures, were 
calculated by the usual method as mentioned 
in the previous paper.'? The surface moment 
of all samples at the constant range obtained 
was plotted against the fH of aqueous phase 
in Fig. 7 to clarify the relation between 
them. The points under the ground line of 
surface moment in this figure correspond to 
the negative as curve e in Figs. 4 and6. In 
these figures, the area was calculated as the 
mean area per vinyl unit with the mean 
molecular weight in Table I. 
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0 10 20 30 40 50 60 
Area in 42 per vinyl unit 
g. 1. The surface pressure-area curves of 
samle K on various pH. Curve a (pH 1.4); 
curve b (pH 2.4); curve c (pH 3.9); and 
curve d (pH 4.4) 





0 10 20 30 40 50 60 
Area in 4? per vinyl unit 
g. 2. The surface pressure-area curves of 


sample L on various pH. Curve a (pH 1.0); 


curve b (pH 1.4); curve c (pH 2.6); curve d 


(p 


H 3.8); curve e (pH“4.9); and curve f (pH 


2 
0.0) 


Fi 


o 8 

c 

= 4 

o 2 

Y b 

2 9 F— 
0 10 20 30 
DR 


Area in A? per vinyl unit 
g. 3. The surface pressure-area curves of 
polymethaerylic acid (sample M) on various 
pH. Curve a(pH 1.6, 3.4, 4.0, and 4.4); curve 
b (pH 4.7); and curve c (pH 7.5) 


a 
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400 


20 
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Surface potential in mV 
Surface moment in mD 





-100 
0 20 40 60 80 


Area in A? per vinyl unit 

Fig. 4. The surface potential (or surface 
moment)- area curves of sample K on 
various pH. The surface moment is 
shown by dotted line. Curve a (pH 1.0, 
1.4, 2.6, and 3.8); curve b (pH 4.5); 
curve c (pH 4.8); curve d (pH 5.3); 
and curve e (pH 5.8, 8.0 and 12.1) 
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0 
0 20 40 60 80 


Area in 42 per vinyl unit 
Fig. 5. The surface potential- (or surface 
moment)- area curves of sample L on 
various pH. The surface moment is 
shown by a dotted line. Curve a (pH 1.4, 
2.4, and 3.8); curve b (pH 4.4); and 
curve c (pH 4.9) 


Discussion 


Since even the interpretation of the 
properties of the solution of linear polyelec- 
trolyte is a subject recently developed, its 
theory at the interface is scarcely established 
at present. However, since there are some 
exact investigations on the solution of poly- 
methacrylic acid as the representative of 
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Fig. 6. The surface potential- (or surface 
moment)- area curves of polymethacrylic 
acid (sample M) on various pH. The 
surface moment is shown by a dotted line. 
Curve a (pH 1.6, 3.4 and 4.0); Curve b 
(pH 4.4); Curve c (pH 4.7); Curve d (pH 
5.3); and Curve e (pH 7.5) 
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Fig. 7. The relation between surface moment 
and the pH of substrate. Sample K (@), L 
(A), and M (x), respectively 


linear polyelectrolytes, we shall consider the 
present result of monolayer in comparison 
with the knowledge of the behaviour of this 
polyelectrolyte in the bulk phase. 

The Monolayer of Polymethacrylic Acid 
(PMA) (sample M)—It is evident from Figs. 
3, 6 and 7 that the surface pressure and 
surface moment of PMA were completely 
identical up to nearly pH 4.0, and fell rapidly 
down to zero between pH 4.0 and 5.5, and the 
surface potential became even negative at 
pH greater than 5.5. This trend of change 
of the surface behaviours with fH corres- 


9) A. Katchalsky, O. Kiinzle and W. Kuhn, J. Polymer 
Sci., 5, 283 (1590). 
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ponds entirely to the properties of the bulk 
solution of PMA, which were interpreted in 
detail by Katchalsky.*” It is found as men- 
tioned below that the former is also perfectly 
understood by his interpretation of the rela- 
tionships between the state of molecules and 
the degree of ionization of polyelectrolyte in 
solution*?. 

Since the molecules are rigid and not af- 
fected by ionization at a low degree of ioni- 
zation up to pH 4.0 in consideration of his 
interpretation, the surface pressure and sur- 
face moment are entirely unchanged by pH, 
and then, since they open up with increasing 
ionization and take the form of freely kinked 
threads up to about 10% ionization (pH 5), 
the surface moment is lowered due to the 
negative charge of carboxyl groups, and, 
since the spreading molecules begin to dis- 
solve into the aqueous phase due to their 
stretching with more increasing ionization, 
the apparent surface pressure and surface 
moment are more and more decreased. 
Finally, since the molecules can no more 
stand at the interface in the same form as 
that in the aqueous phase, namely, in the 
form of rodlike filaments at the higher degree 
of ionization, the greater part of spreading 
molecules tends to take the further stable 
form and therefore dissoives into the aqueous 
phase as shown as curve e in Fig. 6. That 
is, the difference of energy between the forms 
of molecules at the interface and in the 
aqueous phase rapidly increases with the 
increase of degree of ionization. 

The Monolayer of Copolymers with DAV 
(sample K and L)—From Figs. 1, 2, 4, 5 
and 7, it can be recognized that the surface 
pressure and surface moment of both copoly- 
mers at the same fH were almost the same, 
in spite of their different compoistion, while 
the surface pressure increased with decreas- 
ing PH. The change with pH was exactly 
parallel to that of PMA over all pH range 
investigated. 

Before discussing these phenomena, it may 
be considered how the side chains of the 
present copolymers orientate at the interface. 
It was concluded from the surface pressure 
and surface moment in the preceding paper 
that the carboxyl groups of PMA are im- 
mersed in the aqueous phase. Furthermore, 
diethylaminoethyl groups may also be im- 
mersed in the aqueous phase for the following 
reasons. (1) Triethylamine, which resembles 
this group, is appreciably soluble in water. 
(II) The shape of surface pressure-area curves 
of the present copolymers are independent of 
their composition and similar to that of 
PMA, in the condensed state at low ionization, 
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in contrast with the copolymers of vinyl 
acetate and stearate,'? and do not show any 
kink point which should appear if the side 
chains lie flat in the interface. (III) Their 
surface potential is very regular and repro- 
ducible in contrast with the copolymers of 
vinyl acetate and stearate.'» Therefore, the 
discussion of the behaviour of the monolayer 
of these polymers in the light of the effect 
of ionization and without any consideration 
of the steric effect of side chains causes no 
serious error in this case. 

Subsequently, we notice the phenomenon 
up to pH 4.0 from pH 1.0. In this pH range, 
the amine groups may be completely dis- 
sociated in accordance with their fraction in 
the polyelectrolytes and the _ dissociation 
constant of monomer. However, as shown in 
Fig. 7, the surface moment of both copoly- 
mers is nearly equal in spite of their dif- 
ferent composition. When we evaluate the 
surface moment of dissociated amine groups, 
on the assumption of their perfect dissociation 
and of the perfect undissociation of carboxyl 
groups of methacrylic acid, of which the 
surface moment was found to be 88 mD from 
curve M in Fig. 7, we found the surface 
moment of ionized amine groups is 450 mD 
for sample K and 600 mD for sample L, 
respectively. On the other hand, the surface 
moment of C,.H.;N(CH,).* was reported to be 
600 mD or more.'”? From these facts, it is 
concluded that the amine groups of both 
copolymers are almost equally dissociated by 
about 20%," and the remainder of amine 
groups are not dissociated and have the sur- 
face moment nearly equal to that of undis- 
sociated PMA (90 mD). It is also understood 
on the same basis that the surface pressure 
of these copolymers at the same fH was 
almost identical as shown in Figs. 1 and 2 
in spite of their different composition. 

The dissociation of amine groups is imper- 
fect because the condensation of film, due to 
the action of hydrogen bonds operative be- 
tween the undissociated carboxyl groups of 
MA, makes them too close for their perfect 
ionization. The film is, of course, expanded 
in nature, but seems to be still fairly 
condensed even at PH 1.4 in comparison with 
the result at the oil/water interface which 
will be published in the following paper. It 
is also explained by considering the relation 
between the shape of the moilecuie and the 
degree of ionization interpreted by Katchal- 
sky.”? 


10) J. T. Davies, Proc. Roy. Soc., (London), 208 A, 224 
1951). 

11) The total ionizable groups, namely, the sum of MA 
and DAV is taken hereafter as the standard of the degree of 
ionization, 
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From all the figures we notice that the sur- 
face moment-area curves are bent at about 30 
A’, and approach to about 90 mD at about 
10 A?, in Fig. 5 shows the surface moment 
of 90 mD, and has no bending point. This 
tendency is shown not only in the case of 
the present copolymers, but also in that of 
PMA in Fig. 6. However, it does not show 
such a bending point inthe undissociated or 
slightly dissociated state of PMA as shown 
in curve a and bin Fig. 6. From these 
facts, it is also concluded that the too close 
approaching of ionizable groups hinders the 
ionization due to the same mechanism as men- 
tioned above and the above assumption, that 
the value of surface moment of undissociated 
amine groups may be 90 mD, is confirmed here. 
McBain and Peaker had already suggested 
the idea that the film of stearic acid can not 
be so much ionized in the solid state.'?> This 
is also related to the phenomenon that the 
conductivity of soap solution falls rapidly 
down with increasing concentration from the 
critical micelle concentration.’ 

Although the constancy of surface moment 
in this fH range in Fig. 7 appears at first 
sight to be contradictory to the fact that 
the surface pressure increases with decreas- 
ing PH as in Figs. 1 and 2, it is understood 


on considering that the surface pressure is 


more sensitive to the degree of ionization 
than the surface moment. The similar fact 
was already been pointed out in the previous 
paper.'*:'») 

As mentioned above, the carboxyl groups 
of MA begin to dissociate appreciably from 
pH 4.0 with increasing pH. Consequently, 
since the positivity of the whole molecule 
decreases, the mean apparent surface mo- 
ment gradually decreases. Since the effec- 
tive charge density for the mutual! repulsion 
of molecules is gradually decreased, the film 
is condensed. ‘herefore. the surface pres- 
sure-area curve at PH 4.9 (see Fig. 2) becomes 
similar to that of undissociated PMA (see 
Fig. 3). and the corresponding surface mo- 
ment-area curve (curve c in Fig. 5) does not 
show a bending point as mentioned above. 
This fact is understood on assuming that the 
degrees of ionization of respective consti- 
tuents, namely, MA and DAV balance each 
other at this PH, and therefore the molecule 


12) J. W. McBain and C. R, Peaken, Proc. Roy. Soc., 
London), 125 A, 394 (192). 

13 J. W. McBain, “‘ Colloid Science "’, Chap. 17 (1959). 

14 H. Hotta and T. Isemura, This Bulletin, 25, 101 (1952), 
15) A. E. Alexander, Trans. Faraday Soc., 37, 15 (1941). 
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has essentially no charge as a whole. This 
pH is the surface isoelectric point of this 
copolymer. This is considerably less than 
that expected from the dissociation constant 
of both monomers and the composition of 
copolymer. It may be caused by the follow- 
ing facts. Since the molecules are condensed 
more strongly at the interface due to the 
larger content of MA than in the solution, 
the amine groups can not dissociate, due to 
too closely approaching at the interface, as 
much as in the solution. 

With the further increase of pH, MA of 
the greater part of the copolymer is more 
and more ionized and then the molecules 
tend to stretch to rodlike form. Therefore, 
since the molecules can not stand in the 
stable form at the interface, they dissolve 
into the aqueous phase as mentioned in the 
section of PMA. It is because of the great 
content of MA in comparison with DAV that 
we could not obtain the stable film due to 
undissociated DAV at the higher fH as we 
could at the low pH. 


Summary 


As the result of the measurements of the 
surface pressure and surface potential of 
polymethacrylic acid and its copolymers with 
diethylaminoethyl vinyl ether on the aqueous 
phase at various fH, their surface moment 
was constant up to pH 4.0, then rapidly fell 
down to zero between pH 4.0 and 5.5, and 
finally their stable film could not be found 
at the higher PH range than 5.5, but the 
surface pressure decreased with increasing 
pH even up to pH 4.0. These tendencies are 
discussed in the light of Katchalsky’s inter- 
pretation in regard to the relation between 
the shape of molecules and the degree of 
ionization. 

The important conclusions from the present 
experiments are: 

(1) all the side chains of the _ present 
polymer are immersed in the aqueous 
phase; 

2) the degree of 
groups may be of about 20% even at its 
maximum; and 

3) the isoelectric point of the present 
copolymer at the interface exists at about 
PH 5.0 of the aqueous phase 


ionization of amine 


The Institute of Scien i fic and Indusirial 
Research, Osaka University, Sakai, 
Osaka 
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Aluminium dans les eaux des lacs’? 


Par Motoharu TANAKA 
(Recu le 21, Septembre, 1953) 


Nous avons déja publié l'étude sur le fer au bain-marie, fondre le résidu avec du bisulfate 
dans les eaux des lacs”. Bien que nous de sodium; dissoudre la masse fondue dans quelque 
20cc de l’eau contenant 0.5 cc d’acide nitrique et 
filtrer la silice qui y est restée insoluble. A la 
liqueur filtrée, ajouter 2cc de solution de sul- 
focyanure d’ammonium a 25%. Extraire le sul- 
focyanure de fer en utilisant le mélange de solvant 


ayons de nombreuses recherches sur les élé- 
ments comme le fer, le manganése, le phos- 
phate et la silice qui se trouvent dans les 
eaux des lacs, nous ne pouvons trouver que 


trés peu d'études sur l’aluminium dans l’hy- organique (Ether: alcool amylique=2:5)#). Sép- 
drospheére ; surtout, dans les eaux des lacs, arer la couche aqueuse, et la neutraliser au moyen 
nous n’avons aucun travail systématique au de l’indicateur de p-nitrophénol; en controler le 
sujet de cet élément. pH a 4,25) avec la solution tampon (acide acétique 

L’aluminium est un élément indifférent a et acétate de sodium). Y ajouter 1cc de la solu- 


tion a 0.2% d’aluminon (aurintricarboxylate d’am- 
monium). 15 minutes aprés, la densité optique 


meus wea souvens Géceler ; tre ti obtenue a l’aide du spectrophotométre, a la lon- 
S rons déce Ss petite , ear 
I qu une tres petite gueur d’onde de 535 mu, nous permet de calculer 


quantité dans l’hydrospheére et la_ biosphére. la teneur en aluminium. La présence d’une qu- 
Ce sont ces points qui ont excercé tant d’in- antité comparable de phosphate ne géne pas ce 
fluence sur nous que nous avons entrepris dosage. 

étude qui suit. 


la réaction d’oxydoréduction. I] occupe une 
grande partie de la lithosphere, et cependant 


, . _ 
De plus, le dosage de I’aluminium, fait sur Agissement de I’Aluminium dans les Eaux 


des Lacs 
les eaux naturelles, nous pouvons souvent 
rendre plus claire l’élucidation de l’état des L’aluminium ne devient pas plus soluble dans 
autres éléments. Nous en avons déja obtenu un milieu réductif comme le fer et le manganese. 


Donc on imagine que sa distribution verticale soit 


quelques résultats.” “1 ; ae 
homogene ; et pourtant, l’inspection précise nous 


Méthode d’Analyse améne aux phénoménes suivants. T ableau I nous 
montre la distribution verticale de l’aluminium et 
Aprés l’évaporation a sec de |'échantillon d'eau des autres éléments au lac Aburagafuchi®). 


TABLEAU I 
DISTRIBUTION VERTICALE DES ELEMENTS CHIMIQUES AU LAC ABURAGAFUCHI. 
(Le 8, Sept. 1950 (La période de stagnation) Profondeur ; 5,0 m) 


Profondeur 0. Fer ferreux Fer total Mn Al Si 
m cc/l mg] mg/| mg/l mg/l mg/l 
0 Nf <0, 02 0, 67 0, 40 1,20 10,0 
I 5, 40 Pm 0, 66 0, 16 iz 8,0 
2 3,98 “ 0,53 0,16 0,98 6,7 
3 1,33 i 0,33 0, 32 0,94 1,8 
1 2,91 as 0,43 0, 44 0, 60 a, 6 
1,54 jy 4 24,8 2,20 0, 80 11,0 
1,69 0,0 23, § 24,8 2, 30 0, 80 11,3 
1, 89% 28,6 p> 2,50 2,90 12,1 
1,94 29,0 38, 0 2,65 1,45 18,7 
4, 99% 0,0 27,4 30.5 2, 60 7,30 36, 4 
5, 00 34,6 39,5 2.¢0 8,10 12,4 
Profondeurs mesurées du fond. 
i) Teneur plus forte en aluminium a la super- et en fer a la superficie. La, nous avons déja 
ficie. expliqué que les particules argileuses étant ap- 
Dans une étude précédente sur le fer2>, nous portées par les affluents et par les mouvements 
avons indiqué la teneur plus forte en aluminium d’eau, la rapidité de leur descente se relentit par 
1) Nous avons déja présenté une partie de cette recherche 4) J. T. Woods avec M. G. Mellon: Ind. Eng. Chem. 
a l assemblée annuelle de la société chimique du Japon, qui Anal. Ed., 13, 551 (1941). 
~- — rage en avril 1951. : 5) W. H. Smith et al,, Anal. Chem., 21, 1334 (1949). 
2) M. Tanaka, Ce Bulletin, 27. 89 (1954). 6) La description sur ce lac a été donnée par MM. T. 


a 


4 v —_ > — . ao . rc ‘ " ° ? 
3) Nous allons publier bient6t un exposé qui concerne Koyama et K. Sugawara dans “J. Earth Sciences, Nagoya 


l'état de la silice dans les eaux naturelles, University ”’, 1, 24 (1952). 
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les vagues aux couches superficielles. Cette ex- 
plication est soutenue par la teneur plus forte de 
la silice, principal élément constitutif des argiles, 
a la superficie. 

Le méme phénoméne était observé aux autres 
lacs”). 

ii) Accumulation de l’aluminium dans les cou- 
ches tout prés du fond. Bien qu’il ne soit pas plus 
soluble dans un milieu réducteur que dans un 
milieu oxydant, l’aluminium, qui par ailleurs ne 
constitue pas un élément nutritif, s’accumule dans 
la couche tout prés du fond durant la période de 
stagnation. Nous nous mettons a expliquer ce 
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phénoméne par l’exemple du lac 
(Tab. I). 

Les eaux étant examinées vers le fond, on décéle 
le fer ferreux pour la premiére fois a la profon- 
deur de 4.54m. C’est la que le fer total et le 
manganése commencent a augmenter, mais l’alu- 
minium ne s’accoit pas encore. Subitement, la 
concentration d’aluminium augmente a la profon- 
deur de 4.89m. Ce phénoméne de l|’accumula- 
tion de l’aluminium dans la couche inférieure a 
celle ou s’accumulent le fer et le manganése n’est 
pas spécial dans le lac Aburagafuchi, et on peut 
le constater encore aux autres lacs (v. Tab. II et 
III et Fig 2). 


Aburagafuchi. 


TABLEAU II 


DISTRIBUTION VERTICALE DES ELEMENTS CHIMIQUES AU LAC YOGO. 


(Le 21 aout, 1951. 


Profondeur 0» Fer férreux 
m cc/] mg/l 
0 5,47 <0, 02 
4.5 1,61 ‘i 
5 1,14 " 
432 1,19 = 
10 0, 39 2, 66 
12,00 0, 25 6, 02 
12, 25° 0, 14 6, 02 
12, 407 0, 20 6, 12 
12, 457 0, 31 6,55 
12, 50* 1, 44 6, 85 


Profondeurs mesurées du fond. 


Profondeur : 


12,5 m.) 


Mn Al Si 
mg/l mg/1 mg/l 
<0, 02 0, 22 1,8 
- 0, 35 2.2 
0,12 0, 25 2.5 
0,17 0, 30 2.7 
2,0 0, 29 i 
ye 0, 28 1.3 
2,02 0, 26 ® | 
2,17 0, 28 1,8 
2,18 0, 30 1,8 
2.20 0, 44 6, 1 


TABLEAU III 


DISTRIBUTION VERTICALE DES ELEMENTS CHIMIQUES AU LAC NAKATSUNA. 


(Le 14 Oct. 1950. Profondeur: 12,5 m.) 

Profondeur Ov Fer ferreux Mn Al 
m cc/l mg/l mg/l mg/l 
0 Ay 6 0, 02 0,11 0, 28 
6 ie 0, 02 0, 29 
1,5 1,76 Teat 1,03 0, 25 
12, 30° 0,18 22,8 ee 0, 40 

12, 407 0,15 24,6 1, 40 0, 46 
12, 45° 0, 00 24,0 L, 2 1,05 
12, 50% 0, 00 24,0 1, 28 1,03 


Profondeurs mesurees du fond. 


Explications de l’accumulation de l’aluminium: 
Les particules ou les débris minéraux apportés 
par les affluents ou par les mouvements d’eau 
parvenus a la couche anaérobie, le fer et le man- 
ganése deviennent solubles et plus ou moins se 
dégagent de ces particules. Enfin ces derniéres, 
composées principalement de silice et aluminium, 


plus ou moins se gonflent et de plus en plus ra- 
lentissent leur vitesse de précipitation. 

De plus, les substances organiques accumulées 
dans les couches plus basses pourront former des 
complexes avec l’aluminium’) (v. la section sui- 
vante). 

Ainsi dans la partie 


l’'aluminium s’accumule 


TABLEAU IV 


TENEUR EN ALUMINIUM DANS L’EAU CONTENUE DANS LA VASE. (mg/l) 
Nom du lac Kizaki Nakatsuna 

Date Le 10 Oct. 1950 Le 14, Oct. 1950 

Eau tovt prés du fond 0,78 1,03 

Eau contenue dans la vase 6,05~17,5 1,94~2, 92 


7) Nous avons essayé l'extraction du phyllite avec l'eau 
pure et l’eau contenant des substances organiques (extrait des 
aiguilles du pin). Cetie derniére dissout beaucoup plus ais¢- 
ment l’aluminium que |’autre, comme le tableau suivant nous 
montre : 

Résultats de Veztraction de V’'aluminium 


30g du phyllite pulvérisé (200 mailles) par un litre. 


60 jours. 
Aluminium mg | 


Durée de l’extraction : 


Solvant Remarque 


Eau pure 0,14 pH=6.9 
Eau contenant de substances 7 
organiques (exempte d’oxygéne) 1.33 pH=6.6 
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inférieure de la couche anaérobie. I] faut encore ainsi accumulé dans la couche tout prés du fond 

y tenir compte de ce qu’il peut étre fourni de la se précipite avec le fer et le manganése, de la 

vase qui en contient une quantité considérable méme maniére que la silice et le phosphate. Sa 

dv. Tab. IV). concentration n’y est plus considérable, comme 
Aprés la circulation automnale, 1l’aluminium l'indiquent Tab. V et Fig. 2. 


TABLEAU V 
DISTRIBUTION VERTICALE DES ELEMENTS CHIMIQUES AU LAC ABURAGAFUCHI 








(Le 20 jan. 1951 Aprés la circulation automnale) Profondeur: 5,0 m) 
Profondeur 02 Fer ferreux Fer total Mn Al Si 
0 cc/| mg/l mg/l mg/1 mg/1 mg/l 
0 8,15 0, 02 0, 29 0, 039 0, 44 11,8 
l 8, 68 io 0, 39 0, 061 0, 42 8,2 
D 9, 25 “ 0, 25 0, 086 0, 50 1,3 
3 ‘ 0. 418 0, 065 0,51 22 
I ” 0, 25 0. 084 0, 49 3,0 
1,70 ” 0, 42 0,078 0, 68 1.6 
1,90 - 0,58 0, 081 0, 62 1,7 
5, 00 7,07 - 0,43 0, 080 0,70 Pe 
Profondeurs mesurées du fond. 
Etat de l’Aluminium dans les Eaux des Lacs Ainsi faisant, les expériences étaient conduites 
Notre étude approfondie sur l’aluminium a pour au lac Kizaki a partir du mois de mars 1952 
but d’éclaircir l'état de cet élément dans les eaux jusqu’en mars 1953. 
des lacs. Les états suivants de l’aluminium seront a) Mode opératoire. 
possibles dans les eaux naturelles: iH 
- il ese - i Nous avons employé le type RNIs de l’Am- 
2° Complexes minéraux d aluminium (AKOH)**, berlite IR 120. Comme nous traitons les eaux 
e AKOH)"s, Alc » AICh ‘ eure pauvres en oxygéne, les échantillons d’eau sont 
3° Complexes organinuecs d’aluminium. REG ‘hice ho cs io nial a 
? Aluminium dans les débris minéraux. oe, oe tage acc ge - pages yatta ree ze 
A) a : ment lié a la colonne de résine qui est précédem- 
An voisinage de pH 7 que l’on rencontre sou- . 
vent dans les eaux naturelles, Al*** ne peut ex- 
ister qu’en trés petite quantité. Quant a la de- 
uxiéme forme d’aluminium, complexes minéraux, 
seule une solution trés concentrée permet son ex- 
istence. Donc la troisi¢me et la quatriéme ser- 
ont les formes principales de l’aluminium dans _Injecteur(100 ec) 
le s eaux des lacs ordinaire Ss. : D 
i) Hepériences a l'aide de la centrifugation. | 
Nous avons essayé la centrifugation des eaux | 


prises aux profondeurs differentes du lac Abur- 
agafuchi (le 8, sept., 1950). L’analyse de I’alu- 
minium de l'eau centrifugée et de celle noncen- 
trifugée étant faite, elle nous donne le rapport 








Tube en caoutchouc 
Al inséparable—All total. Ce rapport augments 
avec la profondeur comme suit: 
Profondeur Rapport Al inséparable 0. 
m Al total cc 1 15 mn 
0 0. Bo D2 
3 0. 98 1.33 
L’accroissement de ce rapport correspond a la | (} 
diminution de l’oxygeéne. Résine a | | { 
ii) Etudes a l'aide de la résine & ion-échange. ion-échange~ "| | HI: : 
Il est bien entendu que Il’aluminium non-ionis- 1 | || i 
able(+) n’est pas absorbé a la résine a cation- || 
échange. Nous le désignons Alnon-ion., qui com- Coton de verre } i 
prend l’aluminium contenu dans les débris mi- I} 
néraux et a l'état colloidal. Alors, nous pensons 
comme suivant: Fig. 1. Appareil pour ion-échange 
Altotal Alnon-ion "Aion. 8) D’aprés M. Honda, Jl’aluminium dans le complexe } 


ou Alion est l’'aluminium qui est positivement 


P Sandia ‘A \lFe est absorbé par la résine a « ition-échange (J, Chem. 
ionisable.*) 


Soc. Jepan, 71, 59 (1950)). 
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lavé par de l’eau bien exempte d’oxygéne (Fig. 
1). La rapidité de coulement est prés 5Scc par 
minute. Aprés avoir fait couler 100cc d’échantil- 
Jon, on lave la colonne avec l’eau bien exempte 
d’oxygéne. On utilise toute cette liqueur effluente 
pour le dosage de l’aluminium non-ionisable. 

b) Résultat et discussion. 

Nous’ désignons (Aljion/Altotal) x 100, P Al(ion)- 
Paiion) veut dire alors le pourcentage de l’al- 
uminium positivement ionisable pour Altotal. Fig. 
2 nous montre la variation saisonniére de PAljjon) 
et de la teneur en aluminium au lac Kizaki. 

En général, Palion) est au voisinage de 10%. 
Néanmoins, pendant la période de stagnation, il 
augmente avec la profondeur et il atteint 50—60% 
prés du fond. Comme nous ne trouvons pas 
d’accumulations de OH~, Cl-, F~ prés du fond, 
nous devons chercher ailleurs la cause de l’aug- 
mentation de Pation). Nous savons, d’autre coté, 
un accroissement de substances organiques prés 
du fond pendant la période de stagnation. De 
plus, l’aluminium constitue souvent le complexe 
organique. Nous pourrons alors penser que l’al- 
uminium devient plus ionisable par de substances 
organiques qui s’accumulent prés du fond pendant 
la période de stagnation. L’expérience d’extraire 
le phyllite mentionnée plus haut soutient ce point 
de vue. 


Resumé 


1° L’aluminium s’accumule dans les couches 


Uber die Reinigung des Rubidiums. 


[Vol. 27, No. 2 


tout pres du fond du lac. L’accumulation 
de substances organiques et la destruction 
des débris minéraux y entrent en cause. 
Aprés la circulation automnale, l’aluminium 
ainsi accumulé coprécipite avec le fer et le 
manganese. 

2° La teneur en aluminium est souvent 
plus forte a la superficie. 

3° Dans le lac Kizaki, le pourcentage 
de l’aluminium positivement ionisable pour 
l’aluminium total est 50-60% pres du fond 
pendant la période de stagnation. Durant 
les autres saisons ce pourcentage est au 
voisinage de 10% dans toutes les couches 
d’eau. Des substances organiques joueraient 
un role important dans le phénomene 
d’accroissement de l’aluminium positivement 
ionisable. 

Qu’il soit permis a l’auteur, en terminant 
cet exposé, d’exprimer ses profonds remercie- 
Monsieur le professeur Sugawara, 
qui lont 


ments a 
et a Monsieur le docteur Koyama, 
soutenu sans cesse par leurs conseils tres 
précieux et tres utiles. 
Institut de Chimie 
Faculté des Sciences, 
Université de Nagoya 


Umkrystallisation der Doppelsulfate des 


Rubidiums mit den zweiwertigen Metallen. 


Von Airi SUETUNA 


(Eingegangen am 28, September, 1953) 


Einleitung 


Weil sich das Rubidium in der Mitte der 
Elementenreihe der Kaliumgruppe_ befindet 
und infolgedessen die meisten Rubidiumsalze 
solche Loslichkeiten zeigen, welche zwischen 
denjenigen der entsprechenden Kaliumsalze 
und Casiumsalze stehen, so reichert die frak- 
tionierte Umkrystallisation der meisten Ru- 
bidiumsalze das Rubidium in den mittleren 
Teilen der Fraktionierreihe an. Aber wenn 
es nun ausnahmsweise ein Rubidiumsalz gibt, 
welches als sowohl das entsprechende Kalium- 
salz wie das Ciasiumsalz schwerer léslich ist, 
so darf man mit Recht erwarten, dab die 
einfache Wiederholung der Umkrystallisation 
dieses Rubidiumsalzes schlieflich das reine 
Rubidiumpraparat geben werde. Es ist in der 
Tat gefunden, dali man die Reinigung des Ru- 
bidiums durch die wiederholte Umkrystallisa- 


tion des Tetraoxalates durchfiihren kann”. 

Merkwiirding ist die Tatsache, dai alle 
Doppelsulfate des Rubidiums mit den zwei- 
wertigen Metallen, welchen die allgemeine 
Formel M.!SO,-M!SO,-6H.O zuzuschreiben 
ist, mehr oder weniger schwerer ldéslich als 
die entsprechenden Kaliumdoppelsulfate sowie 
die Cisiumdoppelsulfate sind. Und hiermit 
wire es wohl méglich, durch die wiederholte 
Umkrystallisation solcher Doppelsulfate die 
Rubidiumsalze rein zu erhalten. Je grofer 
der Léslichkeitsunterschied unter den Dop- 
pelsulfaten, welcher der Verschiedenheit von 
den darin vorhandenen Alkalimetallen ent- 
spricht, ist, zweckmiahiger waren die 
Doppelsulfate fiir die Reinigung. Also wurden 
nun vor allem 3 Doppelsulfate, die Doppel- 


desto 


1 \. Suetuna; Dieses Bulletin, 25, 248 (1952). 


2) J. Locke: Am. Chem, J., 27, 459 (1902). 


March, 1954] 


sulfate des Rubidiums mit Nickel, Kobalt und 
Kupfer, als die zweckmabigsten herausgelesen 


TABELLE I. 


Uber die Reinigung des Rubidiums.—Umkrystallisation 
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und jede fiir sich oftmaligen Umkrystallisa- 
tionen unterworfen. 


DIE LOSLICHKEIT DER DOPPELSULFATE 


Die Liéslichkeit der Doppelsulfate, M.1SO,-MI[SO,-6H2O, wurde von J. Locke ge- 


geben?), 
H.O umgerechnet. 


K,SO,4- NiSO,-6H20 


Rb.SO,- NiSO,-6H2O 


Die hier gegebenen Werte sind von den originalen Werten auf g. Salz/100g. 


Cs2SO,- NiSO,-6H,0 


9.4 7.6 a | 
K»SO,-CoSO,;-6H20 Rb.SO,-CoSO,-6H20 Cs.SO,-CoSO,-6H2,0 
17°9 11.9 55.5 
K,SO,-CuSO,-6H2O Rb2SO,-CuSO,-6H20 Cs»SO,-CuSO,-6H2O 
16. 1 13.3 61.3 


AuSerdem wurde bei dieser Gelegenheit die 
oben genannte Methode mittels Tetraoxalates 
wieder von neuem untersucht, woriiber der 
Verfasser auch hier hinzufiigend mitteilen 
mochte. 


Experimentales 


Ausgangsmaterial.—Dies war bei jedem Falle 
rohes Rubidiumchlorid, anscheinend K 
C; 15~20% und Rb 60~70%. Zur Herstellung der 
Doppelsulfate wurde 
sulfat umgewandelt, und in die wdssrige L6sung des 
Hydrosulfates das Carbonat (im Falle des Kupfers 
das basische Carbonat) des gewtinschten Metalls 
eingetragen. Die so erhaltenen 3 Doppelsulfate 
wurden jede fiir sich 20 mal, anderseits das Tetra- 


15~20%, 


dieses ins Rubidiumhydro- 


oxalat 35nval aus reinem Wasser umkrystallisiert, . 


bei jeder Umkrystallisierungsreihe unterwegs von 
Zeit zu Zeit Proben genommen, welche samt den 


Endprodukten einer Spektralanalyse unterworfen 
und auf ihre Reinheit gepriift wurden. 
Nickelrubidiumsulfat.—Die Umkrystallisation 
dieses Salzes ist mit keiner Schwierigkeit ver- 
bunden. Nur muf man nattirlich dabei besorgen, 
zum Vermeiden der Hydrolyse des Nickels dann 
und wann einige Tropfen reiner Schwefelsdure in 


die Lésung hineinzutropfen. 
Kobaltrubidiumsulfat.—Beim Umkrystallisie- 
ren dieses Salzes wurde manchmal sehr weitge- 


Ubersattigungserscheinung beobachtet, 
vermutlich auf Uberschiisse freier Schwe- 


hende 
welche 
felsdure beruhen méchte. 

Kupferrubidiumsulfat.—Die Umkrystallisation 
dieses Salzes leidet darunter, daB beim Sieden der 
wdssrigen Lédsung sich ein griines Salz, wahrschein- 
lich das basische Kupferrubidiumsulfat, abscheidet, 
welches gefadhrliches StoBen verursacht. 


RbC! 200 g.——RbHSO, Proben genommen 
w K,- Ke Koy ila ~ 
NiCO; 100¢. Rb2SO,-NiSO,-6H2O 
RbCl 200 g.——RbHSO, Proben genommen 
e -K,- Kz —Koy 68 g. 
CoCO; 100g. Rb»SO,-CoSO,-6H20 
RbCl 200 g.——RbHSO,,~ Proben genommen 
y- K,- f —+>Ksy 67 g- . 
CuCO3-Cu(OH)s RbsSO,-CuSO,4-6H2z0 
92 g. 
Proben genommen 
RbCl 200 g. * 
Rae -Ky, 218g. 


H2C.0,-2H2O 


(Die 4quivalente Menge 
ist 416g.) 


Kn: 


RbH;(C20,)2-2H20 


Krystall nach n-maliger Umkrystallisation. 


Die nach den Formeln nétigen Mengen Carbonate auf 200g. RbCl. 


NiCO; 98g. CoCO; 


98 ¢g. 


CuCO;-Cu(OH), 


91g. 


Die angewandten Carbonate wurden jedoch durch Analyse beziehungsweise 


NiCO; 52% 


enthaltend gefunden Fig. E 


CoCO; 78% 


CuCO;-Cu(OH), 90% 


xperimentales. 








104 Airi SUETUNA 


Nachdem alle 4 Umkrystallisierungsreihen voll- 
gebracht worden waren, wurden alle Proben ins 
Carbonat umgewandelt und somit zur Analyse 
vorbereitet. Die Doppelsulfate wurden dazu in 
den wissrigen Liésungen mit den kleinen Uber- 
schtissen von Oxalsdure heif® versetzt, die Nieder- 
schlage, die Oxalate der respektiven Metalle, ab- 
filtriert, in die Filtrate Uberschiisse von Oxalsiure 
eingetragen, nach Erkalten das abgeschiedene 
Rubidiumtetraoxalat plus Oxalsdéure abgesaugt. 
Die so erhaltenen Salzmassen wurden dann auf 
einer Platinschale maBig erhitzt, bis das Aufblasen 
der Schmelze aufhérte, und somit ins Carbonat 


umgewandelt. 

Die semi-quantitative Spektralanalyse wurde mit 
Littrowschem Spektrograph nach der Glimmschi- 
cht-spaltabbildungsmethode ausgearbeitet. Die 
letzte Probe von der Umkrystallisierungsreihe 
des Nickelrubidiumsulfates und 3 letzte von der- 
jenigen des Tetraoxalates erwiesen sich als be- 
sonders reine Rubidiumprdparate. Wie man 
anfangs aus den Ldslichkeitsverhdltnissen voraus- 
gesehen hat, lat sich das Cadsium durch diese 
Methoden rasch genug beseitigen, dagegen das 
Kalium vielmehr schwer vollstandig entfernen. 


TABELLE Ii 
DIE RESULTATE DER SEMI-QUANTITATIVEN SPEKTRALANALYSE DER PRODUKTE 








Probe Li (%) Na (%) K (%) Cs (%) 

Rb-Ni-sulfat K, Keine Linien Keine Linien ~0.5 ~5 
Ke ” ” ~0.1 0.5~0. 1 
Kis y ” 0. 1~0. 05 ~0.01 
Kay 4 Y 0. 1~0. 05 ~0. 001 

Rb-Co-sulfat K; " <0. 01 1~0.5 ~5 
Kup Y Keine Linien 0.5~0. 1 1~0.5 
Ki; ” ” ~0. 1 0.5~0. 1 
Koy Y ” ~0. 1 0.05~0. 01 

Rb-Cu-sulfat K; 4 Y ~1 ~5 
Kw 7 Y 0.5~0. 1 1~0.5 
Kis Y ” ~0. | 0.5~0. 1 
Koy Y Y ~0.1 0.05~0. 01 

Tetraoxalat Kon Y Y ~0.5 ~0. 005 
Ko, " ” ~0. 05 Keine Linien 
Kw y Y ~0. 05 ” 
Ks; " Y 00.5~0. 01 " 

Ky»: Krystall nach n-maliger Umkrystallisation. 

Na-Keine Linien <0.001 (%) 
Cs-Keine Linien <0.001 (%) 

Im allgemeinen leidet man beim Reinigen des Rb-Cu-sulfat A, 91.7% 
Rubidiumsalzes auch durch andere Methoden eben- Ax 17.8% 
falls daran, dafs nicht das Cadsium, sondern das Tetraoxalat A; 97.9% 
Kalium hartnackig dem Rubidiumprdaparat anhaftet Ag 64.7% 
und schwer vollstandig beseitigt werden kann. Ass 46.75 
Dies ist eine Tatsache, welche wohl nicht blob An: Ausbeute n-maliger Umkrystallisation. 


auf Verbrauch der Glasgerate zurtickzuftihren 
sein moéchte. 

Zur Berechnung der Ausbeute der Umkrystal- 
lisierungsreihe, z.B., des Nickelrubidiumsulfates, 
wobei das Rubidiumchlorid im UberschuB8 verwandt 
wurde, nimmt man an, das aus der anfdnglichen 
Salzmenge (232 ¢.), welche der verwandten Menge 
(100 g.) des Nickelcarbonates (Gehalt an NiCO, 
529%) entsprache, nach 20-maliger Umkrystallisa 
tion 44g. des Endproduktes gewonnen wurden. 
Der aus diesen Zahlwerten berechnete Wert der 
Ausbeute wurde weiter in Riticksicht auf die 
Menge bisweilen genommener Proben berichtigt. 
Die Ausbeuten der Umkrystallisierungsreihen 
anderer Doppelsulfate und des Tetraoxalates 
wurden in gleicher Weise berechnet. 


TABELLE III 
DIE AUSBEUTEN DER UMKRYSTALLISATIONEN 


Rb-Ni-sulfat A, 92.9% 
A ” 22.7% 
Rb-Co-sulfat A, 92.5% 


Ay 21.3% 


Zusammenfassung 


1) Man kann reine Rubidiumprdparate 
erhalten, indem man das Nickelrubidiumsulfat, 
Kobaltrubidiumsulfat, oder Kupferrubidium- 
sulfat oftmals aus Wasser umkrystallisiert. 

(2) Weiter darf man sicher erwarten, dab 
alle Doppeisulfate des Rubidiums mit den 
zweiwertigen Metallen, M.!SO,-M!SO,-6H.0O, 
durch oftmaliges Umkrystailisieren gereinigt 
werden k6énnen. 

(3) Das Nickelrubidiumsulfat lat — sich 
unter den 3 Doppelsulfaten am raschesten 
durch Umkrystallisieren reinigen. 


Herren Prof. K. Kimura und M. Fujimoto 
mochte ich fiir ihre vielen wertvollen Ratsch- 
lage bei der vorliegenden Untersuchung 
meinen besonderen Dank aussprechen. 

Chemisches Institut der 
Wissenschaftlichen 
Fakiultat, Universitat Zu Tokyo 
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XVI". Isolation of 


Crystalline Agarobiose Diethylmercaptal by Mercaptolysis of Agar-agar’ 


By Susumu HrraAse and Choji ARAKI 


(Received October 14, 1953) 


In Part XV the present authors reported 
the isolation of crystalline diethylmercaptals 
of p-galactose, 3,6-anhydro-L-galactose and of 
and the non-crystalline residue 
(designated as R,) from the products of the 
first forty eight hours mercaptolysis of agar. 
They moreover, that R,, which 
upon further mercaptolysis produced mono- 
saccharide derivatives above mentioned, 
would comprise some oligosaccharide diethyl- 
the other hand, one of the 
authors could isolate agarobiose (4-p-galacto- 
pyranosyl 3,6-anhydro-.i-galactose) from the 
partial hydrolysis products of agar®. Hence, 
in a search for agarobiose diethylmercaptal, 
R, has been investigated. 

R, was shown to be divided into the x 
butanol-soluble fraction and the insoluble one. 
Acetylation of the former produced a crystal- 
line compound, which proved to be hexa 


DL-galactose, 


suggested, 


mercaptals. O: 


acety! agarobiose diethylmercaptal (I) for the. 


reasons described later. Upon saponification, 
the acetate regenerated crystalline agarobiose 
diethylmercaptal (II). 

It appears probable that the prolonged 
mercaptolysis described above has led to the 
further cleavage of agarobiose units 
produced into monosaccharide units. In 
order to obtain the agarobiose derivative in 
a better yield, the partial mercaptolysis has 
been carried out under the milder condition, 
nameiy, for five hours at 3~5°. The reaction 
mixture gave crude agarobiose diethylmer- 
captal by the solvent fractionation in a yield 
of 46.2% of agar employed. This result and 
the isolation of p-galactose diethylmercaptal 


once 


and of 3,6-anhydro-.L-galactose diethylmer- 
captal in almost equimolar _ proportion" 
demonstrate that agarobiose units extend 


over approximately half, at least, of the 
molecule of agar. 

The assignment of the structures of 
agarobiose diethylmercaptal (II) and its 
hexaacetate (I) to the compounds isolated 
as above mentioned arises for the following 
reasons. Mercaptolysis of II yielded pb 
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the Chemical Society of Japan. 
3) C. Araki, J. Chem. Soc. Japan, 65, 533, 627 (1944). 


galactose diethylmercaptal (III) and 3,6-an- 
hydro-L-galactose diethvlmercaptal (IV), in- 
dicating that II was a disaccharide diethyl- 


mercaptal, the sugars of which 
were p-galactose and 3,6-anhydro-.L-galactose. 
Demercaptalation of II regenerated’ the 
parent free sugar, the phenylosazone of which 
was found to have the same characteristics 
as agarobiose phenyosazone described by one 
of the authors before. On the other hand. 
methylation of II with dimethyl sulfate and 
sodium hydroxide solution followed by 
sequent demercaptalation with mercuric 
chloride afforded crystalline hexamethyl 
aldehydo-agarobiose (VI), which was then 
oxidized to hexamethy! agarobionic acid (VII). 
Methyl ester of VII showed no increase of 
the methoxyl content on further methylation 
with methyl iodide and silver oxide. When 
VII was submitted to the hydrolysis with n- 
sulfuric acid, there were produced 2,3,4,6 
tetramethyl p-galactose (VIII) and crystailine 
2,5-dimethyl 3,6-anhydro-L-galactonic acid 
(IX). The former was identified as_ its 
crystalline anilide. The latter was identified 
by its properties and also by its conversion 
to the crystalline amide*’. The identification 
of these two cleavage fragments enables the 
statement to be made that the structure of 
hexamethyl agarobionic acid (VII) is repre- 
sented by that, in which C, of 2,3,4,6-tetra- 
methyl p-galactose (VIII) is united glycosidi- 
cally to C, of 2,5-dimethyl 3,6-anhydro-.- 
galactonic acid (IX). This agrees well with 
the assignment of the structures of agarobiose 
diethylmercaptal and its hexaacetate to the 
compounds under question. 


component 


sub- 


Experimental 


Evaporation and concentration were carried out 
under reduced pressure below 40°. The specific 
rotation was measured in the aqueous solution 
unless otherwise stated. The thioethoxyl content 
was determined by the method of these authors’). 
The yield, the specific rotation and the thioethoxy] 
content of the ash-containing sample are calculated 
into the case of the ash-free one. All melting 
points are uncorrected. 

Mercaptolysis of agar. a) for 48 hrs.: 
Agar (60.0 g., dry weight 49.1 g.) was mercaptolysed 


4) The method will be published elsewhere, 
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exactly in the same manner as described in Part 
XV'). The non-crystalline residue, designated 
as R,;, was obtained as a hygroscopic amorphous 
fa }7 —8.0° (e 





powder (ash 2.86%); yield 29.1g., 
2.62), SCsH; 23.08%. 
This was dissolved in absolute methanol (50 cc.) 


and n-butanol (500cc.) was added with vigorous 


-“D 


shaking. The insoluble precipitate was filtered, 
r! 


washed first with n-butanol and then with ethy 





acetate, and dried, when a |] 


powder (ash 6.40%) was obtained; yield 5.9g., 
aw 5—18.6° (c 2.09), SCH, 15.82%. 

D . 

The combined filtrate and the butanol washings, 


in which agarobiose diethy!mercaptal was contain- 














ed, were concentrated with occasional additions 
of water to a siru vhich was dried by repeated- 
ly < absolute methanol and _ subsequent 
distilli ; ning an amorphous powder (ash 
2.00%); yield r., [aj}*—7.1° (c 2.12), SCoH; 
; 4h 

23.17%. 

b) for 5! : Agar (60.0 g., dry eight 49.1 ) 
was mercaptolysed for 5 hrs. at 3~5° (ice-cooling) 
by the reaction with concentrated hydrochioric 





acid (d1.20, 200g.) and ethylmercaptan (80 ¢g.). 





The solution of the reaction products, from which 
inorganic substances had been removed in the 
same manner as described before’), was con- 
centrated to about 200cc. and allowed to stand 





an ice-box. 





- 
yvernight 


deposited, > solution was concentrated to 150 cc., 





ind « with ether for ¢ ) 149 hrs 
a apparatus. From ether t 
alactose diethy!mercaptal (1.04g.) and 








inhydro-L-galactose diethylmercaptal (0.73 g.) were 


obtained in a crystalline state. 


The remaining water solution was then concen- 





trated to a sirup, which was dissolved in absolute 
methanol ( .. The precipitate formed was 
iltered, wv 1ed and dried, a hygroscopic ite 





9.08%) being obtained; yield 5. 


(c 0.96), SCoH; 6.18%. The combined 





ed | : ; 
filtrate and the washings were evaporated to 
dryness, and the residue was_ redissolved in 
absolute methanol (50cc.). To this solution was 


added n-butanol (500cc.) with shaking. After 


overnight standing it was treated in t 


5 


1 
h 


way as in the case of a. The butanol-insoluble 


precipitate was obtained in the form of a hygro- 
ield 10.1 ¢., 


butanol- 


scopic white powder (ash 2.46%); 


@ jh —24.0° (c 1.18), SC2H; 13.1 


soluble fraction, being considered 









x9tal from it 





biose diethylmerc: 


and its thioethoxyl c 








form of a rosco 
0.68%) with a pale 
(46.2% of the agar e1 
its parent free sugar), (a ??5—8.8° (¢ 1.21) and 


) 
in pvridine (¢ 0.86), SCoH-, 25.71 
liethylmercaptal requires SCH, 28.3990). 


2zacetyl agarobiose diethylmercaptal (I). 


he butanol-soluble fraction (12.0g.) of 48 








mercaptolysis products as acetylated with 








ec.) and acetic anl (100 cc.) 
it room er re rl eaction 
Og lated by the solvent removal 

rm extract in th isual way, 1S 
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dissolved in methanol (25cc.), and water (5cc.) 
was added to give a turbidity. 
were filtered, washed with 509 aqueous methanol 
An ad- 
ditional specimen (1.4¢.) was obtained from the 
mother Pure hexaz 


vas obtained after 


Deposited crystals 
and dried; yield 7.6¢., m.p. 96~99°. 


acety! 





liquor, m.p. 
agarobiose diethylmerc 


recrystallization twice ethanol-water (7: 3) 





as long needles 





oroform (e 1.02), 22.1° in benzene (c 1.5 








Xast’ method), 688. Calc or CoH w~O0;<S va 
) H, 6 ) CH.CO 7.82; SC 1.. 4.94% 
M.W.. 682.8 
6) The butanol-soluble frac (14.9 yf t 
» hrs. mercaptolysate was acetylated in the same 
mann as above ntioned. yield of crude 
(m.p. 96~99°) of tl hexaacetate was 
7.0 ¢. (71.7 of the theoretical amount). 


solution 


Agarobiose diethyImercaptal (II). A 


diethylmercapta! (10.0 g.) 








1 (100 cc.) was saturated v 








sirup (3.4g.) in absolute methanol (10cc.) was 


th stirrin 





| } 1 (nf 
absolute ethanol (90 cc.) Vv 








rming the precipitate of agarobiose, which was 
obtained as a hygroscopic white powder after 
Itration an ying; yield 2.0g., 21.5 
(initial, ¢ 1] >—16.4° (equilibrium). It reduced 
‘ old Fe solution, showed a st 1g Seli- 
10 reaction, nd stored th color to t 
schiff’s reagent 








(equilibrium) in pyridine-ethanol (2:3) (e 0.406). 


Mercaptolysis of agarobiose diethylmer- 





captal. mercaptolysis of agarobio liethyl- 
1ercaptal (2.0 ¢. vas accomplished b lissolvin 

1 1 co ntrated hy ochlo1 icid (d 1 L ater 
ina n With an iddi 10on oO ( ( ta 
c.) at 10~12 or ! hrs Succ treat- 

| Oo tie reac n x ;OnN- 

( l lrogen sulfide sil r carponat L vain 

n lfide emoved 10 in ( i 
ter solution (about 50< ) ius ) pon 
yncentration rystals of D-galacto liethyl- 
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mercaptal (III) (0.53 ¢.), m.p. alone or on admix- 


ture with an authentic specimen, 140~142°, [a J! 


I> 


$.5° (e 0.85). 

The mother further evaporated to 
dryness, from which 3,6-anhydro-L- 
ethylmercaptal (IV) (0.50g.) was obtained by the 
repeated extraction with cold ethyl acetate fol- 






y 





lactose di- 





lowed by evaporation, m.p. and mixed m.p. 109~ 


110°, [a +14.1° (e 0.78). 


The residue of the extraction was proved to be 






unaffected agarobiose diethylmercaptal by its m.p. 





and its specific rotation. 


Hexamethy! agarobiose diethyImercaptal (V). 











Hexaacety! biose diethylmercaptal (20.0 g.) 
was meth in a ®& acetone solution three 
times by the reaction th dimethyl! sulfate and 
a 30% sodium hydroxide solution in tl usual 
way. The methylated product distilled at 188~ 
191°/0.040 mmH bath temperature 2140~260°), 
giving a viscous liquid; yield 10.6¢. (719% of the 
theory), 7 1.4952, (Cajj?—-17.5° in chloroform 


ethanol (¢ 1.12). It is hardl; 
cold water, but readily soluble in 
Found: ©, 51.11; H, 

Caled. for CosxHywOoSe: C, 
SC3H;, 23.20 





Hexamethy! a/dehido-agarobiose (VI). Ac- 


lure of Wolfrom and others”), 





cording to the 





hexamethyl agarobiose diethylmercaptal (4.8 g.) 
was demercar by the action of mercuric 
chloride (10 g.) in an tone solution containing 
water for 6 t rouu temperat in the 





The product 


presence of caamium carbonate. 
, 


was a brown sirup, which was then dissolved in 


ved 





water, a brown oily precipitate being ret 
by decantation. The aqueous solution, after 
being decolorized with charcoal, was concentrated 
to dryness. The resulting colorless sirup (3.4 g.) 
crystallized almost completely. Recrystallization 
of the crude crystals from dry ether gave fine 
needles of the aldehydo-sugar; yield 2.6g. (67° 
of the theoretical amount), m.p. 92~93°, La]! 

1.0° (initial) —9.33° (equilibrium) in water (c 
0.75), 9.77° (initial) ~ —53.71° (equilibrium after 
2 hrs.) in chloroform (e 1.024). It reduced a hot 
Fehling’s solution, decolorized a neutral perman- 
ganate solution, and restored the color to a Schiff’s 
solution. Anal. Found: C, 52.68; H, 7.78; OCH:, 
5.31. Calcd. for C,sH32O;9: C, 52.93; H, 7.90; 
OCH:, 45.58%. 


Hexamethyl agarobionic acid (VII). To a 
solution of the aldehydo-sugar (8.0g.) in water 
(50 cc was dropped a solution of potassium per- 
manganate (2.2g.) in 0.1IN potassium hydroxide 
solution under stirring at room temperature. 


The oxidation procs d immediately. The pre- 
cipitate of manganese oxide was removed by 





filtration and the potassium ion was exchanged 
by a cation resin Amberlite IR-120. The solution 
was then neutralized exactly with 0.1N barium 
hydroxide so yn, and concentrated to dryness. 
The residue, from \ h the unaffected aldehydo 


)) ML. W m et al, J. Am. Chem. Soc,, 51, 21 
1929); 52, 2464, 3619 (1930); 53, 4379 (1931); 56, 880, 985 


(1934). 
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sugar was extracted with ether, was dissolved in 
water. The treatment of the solution with a 
cation resin Amberlite IR-120 followed by sub- 
sequent evaporation gave hexamethyl agarobionic 
acid as a glassy solid; yield 4.5g. (549 of the 
theoretical amount), [aJ!9—25.5° (¢ 0.55). Anal. 
Found: OCH, 43.55; Neut. Equiv., 423. Calcd. 
for CisH320;,;: OCH3, 43.86% ; Neut. Equiv. 424. 


Hexamethyl methyl agarobionate. The free 
acid (3.8g.) above mentioned was esterified by 
the reaction with diazomethane in an ethereal 
solution, yielding a viscous liquid with a pale 
yellow color; yield 3.6g., b.p. 161~163°/0.030 
mmH¢g., n?> 1.4681, [x j!4—23.4° (e 1.03), —31.1° in 
chloroform (e¢ 1.16). Anal. Found: C, 49.99; H, 
7.78; OCH:, 47.21; Sapn. Equiv., 436. Calcd. for 
Ci9H240,,: C, 49.76; H, 7.47; OCH, 47.37%; Sapn. 


Equiv., 438. 





This was methylated twice with methyl iodide 
and silver oxide in the usual way; b.p. 160~161 
0.027 mmH¢g., Ca 3 23.0° (ce 2.73), OCH; found 
17.25¢ 


The reaction with ammonia or phenylhydrazine 
ailed to give any crystalline derivative. 
Iydrolysis of hexamethyl agarobionic acid. 
Hlexamethyl agarobionic acid (1.1 g.) was hydro 
ysed in N-s 
bath. The reaction was followed polarimetrically : 
{w)})—22.8° (initial); inf 0.5 hr.) i3s” (1 


ilfuric acid (50 cc.) in a boiling water 


ir.); 0.05° (3 hrs.); 15.9° (8 hrs.); 27.6° (14 
irs.) +30.5° (24, 32 and 40 hrs., constant). The 
solution was neutralized with barium carbonate, 





iltered and evaporated. From the resulting 
sirup, 2,3,4,6-tetramethyl D-galactose was extract- 
ed with boiling ether, leaving barium 2,5-dimethy] 
3,6-anhydro-L-galactonate. 

a) 2,3,4,6-Tetramethyl! pD-galactose (VIII)— 
The ether extract upon concentration gave a 
colorless sirup of 2,3,4,6-tetramethyl D-galactose ; 
yield 0.51 g., CaJ}9+113.0° (e 0.46), OCH; found 
359% (CsHsO.(OCH:), requires OCH; 52.55%). 
Anilide: m.p. alone or when mixed with an 








authentic specimen, 192°, Ca@j!9—79.2° (initial) 


11.7° (equilibrium) in acetone (e 0.48). 

b) 2,5-Dimethyl 3,6-anhydro-L-galactonic 
acid (IX)—Barium 2,5-dimethyl 3,6-anhydro-L- 
galactonate, described above, was converted to 
the free acid by means of a cation exchange 
resin Amberlite IR-120. The resulting product 
crystallized completely; yield 0.41g., m.p. 159~ 
160°. Recrystallization from ethyl acetate gave 
a pure substance*) ; m.p. 161°, {a)))—58.6° (¢ 0.44). 
Anal. Found: C, 46.38; H, 6.63; OCH:, 29.97; 
Neut. Equiv., 205. Calcd. for CgH,4Og: C, 46.58; 
H, 6.85; OCHs:, 30.12%; Neut. Equiv., 206. 

The free acid (0.12 g.) above mentioned 
was esterified with diazomethane in an ethereal 
solution. The methyl ester (0.12¢g.), obtained as 
3° (¢ 2.52), was 





A mide : 





a colorless sirup with [«)}}—< 
then converted to the corresponding amide in the 
usual way*); flakes, m.p. 172°, CaJj*—67.0° (c 0.63). 
Calcd. for 


Anal. Found: C, 46.74; H, 7.39. 
CcsH,;;,0;N: C, 46.80; H, 7.37 
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XVII” Isolation of 
Partial Methanolysis of 


Agar agar” 
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Constitutional studies on agar carried out 
in this laboratory have revealed that the 
chief component monosaccharides, so far as 
known hitherto, are D-galactose and 3,6-anhy- 
dro-L-galactose, and that these?two are joined 
by 1-4-linkage to build the agarobiose” (4-D- 
galactopyranosy] 3,6-anhydro-L-galactose) unit 
in the molecule of agar. Moreover, it has been 
suggested that agarobiose units would ex- 
tend over approximately half of the molecule 
of agar’. But difficulty was encountered 


in the quantitative treatment of the material’ 


in the preceding works, and consequently it 
has not been possible to estimate the precise 
content of agarobiose units. However, the 
partial methanolysis method, dealt with in 
the present paper, has proved to make pos- 
sible not only the isolation of crystalline 
agarobiose dimethylacetal (I) but also its 
quantitative separation to some extent to be 
effected. 

The partial methanolysis of agar was ac- 
complished by treatment with boiling me- 
thanolic hydrogen chloride for a short period, 
a portion of agar still remaining undissolved. 

The reaction products on solvent fractio- 
nation gave rise to a crystalline compound, 


CH(OCHs)s —CH 
HO-C-H H-C-OH 
H-C HO-C-H O 
H-C -O! HO-C-H 
1O-C-H O H-C 
CH, CHOH 
(I) 


1) Part XVI: S. Hirase and C. Araki, This Bulletin. 27, 105 
1954) 

2) Read at 6th Annual Meeting of the Chemical Society of 
Japan held at Tokyo in 1953. 

3) C, Araki, J. Chem. Soc. Japan, 65, 533, 627 (1944), 


which was identified as agarobiose dimethyl- 
acetal (I) for the following reasons. Acetyla- 
tion gave a crystalline hexaacetate, indicat- 
ing the presence of six available hydroxyl 
groups in the molecule. Complete methano- 
lysis produced methyl p-galactoside and 3,6- 
anhydro-L-galactose dimethylacetal” in equi- 
molar proportion. Mild acid hydrolysis 
regenerated the reducing sugar, the phenylo- 
sazone of which was found to identical 
with the well-established agarobiose phenylo- 
sazone. . 

Further constitutional evidence was pro 
vided by the fact that, when authentic 
agarobiose diethylmercaptal” was submitted 
to demercaptalation by the action of mercuric 
-hloride in absolute methanol, there was 
obtained a crystalline compound having the 
same characteristics as those of the com- 
pound under question. The direct formation” 
of a sugar acetal from the corresponding 
mercaptal can scarcely occur unless hydroxyl 
groups in the same molecule are protected 
by some substituents from the lactol forma- 
tion. In the case above mentioned, however, 
the dimethylacetal resulted because the 3,6- 
anhydro-galactose residue in the agarobiose 
unit prefers’? an open-chain structure to a 
lactol-ring structure on account of the steric 
hindrance caused by the preexistence of the 
3,6-anhydro-ring. 

The non-crystalline portion of the metha- 
nolysate was separated by means of partition 
chromatography on a column of starch, which 
led to the isolation of an additional specimen 


4) C. Araki, Memoirs of the Faculty of Industrial Arts, 
Kyoto Technical Univ., Science and Technology Edition, 2 
B), 46 (1953). 

5) C. Araki, J. Chem. Soc. Japan, 65, 725 (1944). 

6) J. W. Green and E. Pacsu, J. Am. Chem. Soc., 60, 
2288 (1938). 

7) S. Pea 


1946). 
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110 


of agarobiose dimethylacetal, together with 
3,6-anhydro-L-galactose dimethylacetal and 
methyl p-galactoside. Thus the total yield 
of agarobiose units, including not only the 
yield of agarobiose dimethylacetal itself but 
also those of advanced methanolytic products, 
namely, of 3,6-anhydro-L-galactose dimethyl- 
acetal and methy! p-galactoside, amounted to 
69.5% of the reacted agar, when calculated 
as the parent free sugar. 

Although the chromatographic separation 


has been unsatisfactory, this result, along 
with the fact that p-galactose residues are 
united to other residues at 1,3-positions,*? 


and that 3,6-anhydro-L-galactose residues 
are present as the pyranose form” in the 
molecule of agar, brings us to the conclusion 
that such constitutional units as illustrated 
in formula II would extend over approxi- 
mately two-thirds of the agar molecule. 
Consequently the constitutional formula for 
agar, proposed by Jones and Peat'” in 1942, 


represents by no means the real feature of 


the molecule. 


O 
C-H Cil 
HO-C-H H-C-OH 
H-C O C-H O 
© 
H-C O HO-C-H 
C-H O H-C 
Clis CH.OH 
(II) 
Experimental 
Evaporation and concentration were carried out 
under reduced pressure below 40°. The specific 
rotation was measured in an aqueous solution un- 
less otherwise stated. All melting points are 
uncorrected. 
2artia! Methanolysis of Area. Commercial 
powdered agar (50 g., dry weight 41.9 g.) was 


refluxed with 1% (w/v) methanolic hydrogen 
chloride (500 cc.) for 1.5 hrs. After cooling, the 
undissolved agar (3.3 g.) was removed by filtra- 


filtrate was submitted to neutraliza- 
followed by filtration 


tion, and the 


tion with silver carbonate 


and subsequent evaporation. The resulting sirup 
was treated with 0.2N aqueous barium hydroxide 
The solution 
was then neutralized with carbon dioxide, filtered 
and concentrated to a sirup, which was dried by 
repeated additions of absolute methanol followed 
by evaporation to give rise to an 
amorphous powder (44.0 g.). 


solution (500 cc.) at 60° for 2 hrs. 


subsequent 


8) C. Araki, J. Chem. Soc. Japan, 58, 1362 (1937); E.G. V. 
Percival and J. C. Somerville, J. Chem. Soc., 1937, 1615. 
9) C. Araki, J. Chem. Soc. Japan, 61, 775 (1940). 


10) W.G. M. Jones and S. Peat, J. Chem. Soc., 1942, 225. 
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Solvent Fractionation of the Methanolysate. 
The methanolysate thus obtained was dissolved in 
absolute methanol (120 cc.), and then n-butanol 


(600 cc.) was added with vigorous shaking. The 
voluminous precipitate (17.4 g.) formed was fil- 
tered, washed first with n-butanol and then with 


The combined filtrate and washings 
when an amorphous 
mee? Ss 


ethyl! acetate. 
were concentrated to dryness, 


powder (fraction A) was obtained; yield 


«)i}—13.0°.. The precipitate was redissolved in 
absolute methanol (30 cc.), and then absolute 
ethano! (150 cc.) was added with shaking. The 


washed 
when a 


precipitate formed was again filtered, 
with methanol-ethanol (1:5) and dried, 
hygroscopic white powder (fraction C)was obtained ; 


agar), CeJj}} 


yield 11.9 g. (30.8% of the reacted C 
22.8°, OCH; found 7.58%. 
ings were combined and concentrated to dryness, 
when an amorphous powder (fraction B) was 
obtained; yield 5.5 g. (14.3% of the reacted agar) 


18.1°, OCH: found 15.14%. 


The filtrate and wash- 


L@® I) 


Isolation of Agarobiose Dimethylacetal. The 


fraction A was dissolved in absolute ethanol (30 
cc.), and acetone (60 cc.) was added, and the 
transparent solution was left in an ice box for a 
week. The deposited crystals of agarobiose 
dimethylacetal were filtered and washed first with 
ethanol-acetone (1:2) and then with absolute 
ethanol; yield 13.3 g. (30.2% of the reacted agar, 


calculated as its parent free sugar), m. p. 160~ 
163°. The combined filtrate and washings upon 


concentration to dryness gave an amorphous 
powder (fraction A’); Yield 13.1 g. (33.9% of the 
5+0.65°, OCH; 20.53%. 


iF found y 
was 


reacted agar), [a 


obtained as 


Pure agarobiose dimethylacetal 
prisms on recrystallization of the crude one from 


absolute ethanol; m. p. 162~164°, [aJj§ — 29.1° (c 
37.4° in methanol (c 1.10). It is readily 


water and methanol, and scarcely solu- 


1.58) and 


soluble in 


ble in cold ethanol. Anal. Found: C, 45.69; H, 
7.23; OCH, 16.69. Calcd. for Cys;H»Oi1: C, 45.46; 
H, 7.09; OCH;, 16.76%. 

Hexaacetyl Agarobiose Dimethylacetal. 


Agarobiose dimethylacetal (1.0 g.) was acetylated 
with pyridine and acetic anhydride in the usual 
Crude crystals were deposited when the 
reaction mixture was poured into ice-water; yield 
1.6 g., m. p. 84~86°. Recrystailization twice from 
methanol-water (1:2) gave flakes of the pure sub- 


way. 


stance; m.p. 87~88°, [a 5.76° in chloroform (c 


Jid 
in benzene (¢ 1.20). Anal. Found: 
11.30. Caled. for CyHy, 
50.16; H, 6.15; CH;CO, 


1.22) and —12.5 
C, 50.09; H, 6.90; CH;CO, 
Oo(CH:CO);(OCH3)s: c 
11.49%. 


Methanolysis of Agarobiose Dimethylacetal. 
Agarobiose dimethylacetal (2.0 g.) was refluxed 
with 2% methanolic hydrogen chloride (100 cc.), 
the reaction being followed polarimetrically : Ca}, 


38.5° (initial); —6.0° (1 hr.); +10.0° (3 hrs.); 
+18.0° (10 hrs.); +21.5° (15 hrs.); +22.5° (20 hrs.); 
+23.0° (25, 30 and 35 hrs.). After 35 hrs. the 


reaction solution was neutralized with silver 
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carbonate, filtered and concentrated to a sirup 
(2.0 g.), which was shown by paper chromatography 
to be a mixture of 3, 6-anhydrogalactose dimethy- 
lacetal and methyl galactoside. This indicative 
evidence was confirmed by the isolation of each 
component by means of the chromatographic 
separation on a starch column, at first n-butanol 
saturated with water and then 80% methanol 
being used as a mobile phase. 3,6-Anhydro-L- 
galactose dimethylacetal was obtained on solvent 
removal of the butanol effluent as a colorless sirup: 
yield 46.7% of the sample used, [e)j} — 28.7° (ec 
0.76), OCH: found 25.8%. Its structure was con- 
firmed by hydrolysing it to free sugar and then 
converting the latter to the crystalline diphenyl- 
hydrazone in the usual way); m.p. and mixed 
m.p. 154°. 

Methyl pD-galactoside, obtained on evaporation 
of the 80% methanol effluent in a yield of 53.6% 
of the sample used, was hydrolysed with N-sul- 
furic acid in the usual way to give free D-galac- 


tose, m.p. and mixed m.p. 165°, Cay!5 + 81.9 


(equilibrium, ¢ 0.56). 

Hydrolysis of Agarobiose Dimethylacetal. 
Agarobiose dimethylacetal (5.0 g.) was hydrolysed 
with 0.01 N-aqueous oxalic acid solution (50 
cc.) in a boiling water bath, the reaction be- 
ing followed polarimetrically; [eJj) — 29.0° (ini- 
tial); — 21.0 (0.5 hr.); — 18.5° (1.0 hr.); —17.5 
(1.5 and 2.0 hrs.). After 2 hrs. the solution 
was neutralized by means of an anion ex- 
change resin Amberlite IR-4B, and then evapor 
ated to a sirup, which was dried over phosphorus 
pentoxide in vacuum to form a hygroscopic pow- 


der of agarobiose; yield 
tial, c2.18)—»>—14.2 
from methanol, 


1.4 g., Ca?}—17.4° (ini- 
(equilibrium). Crystallization 
ethanol, acetic acid, or from 
combined solvent systems of them was unsucces- 
sful. 

Phenylosazone: m.p. 220~221° (decomposition), 
not depressed on admixture with an authentic 
specimen!**), (w}?,—136.8 (initial)—>—108.8° (after 
24 hrs.) in pyridine-ethanol (2:3) (e 0.432). 


Agarobiose Dimethylacetal from the Corre- 
sponding Diethylmercaptal. Agarobiose die- 
thylmercaptal'> (3.0 g.) in absolute methanol (60 
cc.) was treated with mercuric chloride (5.6 g.) 
and yellow mercuric oxide (6g.), according to the 
procedure of Green and Pacsu'!) for the prepa- 
ration of thioglycosides. The resulting product 
was a colorless sirup, which gave crystals of 
agarobiose dimethylacetal on crystallization from 
ethanol-acetone (1:2); yield 1.1g., m.p. 161~163°. 
Recrystallization from ethanol afforded a pure 
substance, m.p. 162~164°, not depressed on ad- 
mixture with the specimen isolated from the agar- 
methanolysate described above; Ca}i* 28.9° (c 
1.21), OCH; found 16.62 (calcd. for Cys;H2Oy 
16.76%), 

The mothor liquor separated from the crude 
crystals was concentrated to a sirup (1.2g.); 


11) J. W. Green and E. Pacsu, J. Am. Chem. Soc., 59, 
1205 (1987). 


Studies on the Chemical Constitution of Agar-agar. 
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Ca}? —23.2° (ec 1.11), OCH; found 16.25%. Paper 
chromatographic examination revealed the spot 
of agarobiose dimethylacetal only. 


Examination of the Fraction A’, B and C 
on Paper Chromatograms. A smal! portion of 
each of the fraction A’, B and C was examined by 
paper chromatography, using m-butanol-ethanol- 
water (4:1:2) as a mobile phase and o-amino- 
phenol as a color-developer'>. All of the revealed 
spots showed a yellow coloration caused by 3,6-an- 
hydrogalactose. Thus, the fraction A’ gave the 
spots of 3,6-anhydrogalactose dimethylacetal (Rf 
0.66), an unidentified compound (a trace, Rf 0.43) 
and of agarobiose dimethylacetal (Rf 0.34). The 
fraction B showed the spots of agarobiose di- 
methylacetal and unidentificable compounds (Rf 
0.43 and 0.19). The fraction C showed the spots 
of agarobiose dimethylacetal (a trace) and unidenti- 
fied, probably higher oligosaccharide derivatives 
(Rf 0.19 and those less than 0.19). Methyl galacto- 
side was detected nowhere, although expected to be 
present, as it moves to the position (Rf 0.31) near 
the agarobiose derivative in the above condition. 
The same results were obtained when paper strips 
were sprayed with a lead tetraacetate reagent!). 

Separation of the Fraction A’, B and C on 
Starch Columns. General Procedure :—The 
sample to be separated was dissolved in n-butanol 
nearly saturated with water (if necessary, a small 
amount of methanol was added), and placed on 
the top of the chromatographic column, which had 
been prepared by pouring a thick slurry of potato 
starch in n-butanol saturated with water into a 
glass tube and allowing the excess solvent to per- 
colate down. The column was then washed with 
n-butanol saturated with water. Small portions 
of the effluent were examined on the paper 
chromatograms in the same way as described in 
the preceding section, and the effluent was divid- 
ed into several sub-fractions in such a manner as 
to lead to the highest possible recovery of each 
component. After agarobiose dimethylacetal had 
been completely washed out, the column was then 
washed with 80% aqueous methanol until nothing 
came into the effluent. The sub-fractions thus 
obtained were separately evaporated to dryness. 

The Fraction A’:—The sample (799 mg.) was 
separated on a column (4x18cm.) into four sub- 
fractions listed in Table I. The sub-fraction A’ 


THE CHROMATOGRAPHIC SEPARATION 
OF THE FRACTION A’ 


TABLE I. 


Yield 
Sub-fraction = —_ [ali Rf value 
%a %b 
A’—I 18.5 1.9 25.0° 0.67 
A’—Il te 12.0 0.67, 0.43, 0.34 
A’—Ill 50.1 14.9 15.2 0. 34 
A’—IV 20.0 6.3 +45.3 (0. 31) 


a. of the sample used, by weight. 
b. of the reacted agar when calculated as the 
parent free sugar. 


12) S. Hirase, C. 
26, 183 (1953). 

13) J. G. Buchanan, C. A. Dekker and A. G. Long, J. 
Chem. Soc., 1950, 3162. 


Araki and S. Nakanishi, This Bulletin, 
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—I was confirmed to be 3,6-anhydro-L-galactose 
dimethylacetal by its Rf value and its hydrolysis 
to the free sugar followed by subsequent conver- 
sion to the crystalline diphenylhydrazone,®» m.p. 
and mixed m.p. 154°. A’—II was a mixed frac- 
tion. A’—III was chromatographically pure agaro- 
biose dimethylacetal, and when crystallized from 
ethanol-acetone, it gave a crystalline specimen, 
m.p. and mixed m.p. 161~163", [a}}i 28.8° (c 0.67). 
A’--IV, a methanol effluent, gave only a faint spot 
on a paper chromatogram when sprayed with an 
o-aminophenol reagent, but it revealed an appar- 
ent zone moving to the same position (Rf 0.31) as 
«-methyl pD-galactoside when sprayed with a lead 
tetraacetate reagent. When crystallized from 
ethanol, it gave crystalline «-methyl D-galactoside 
hydrate, m.p. and mixed m.p. 108 ~ 110°, [a)}s 

175.8° (ec 0.41). Thus A’—IV was considered to 
be mainly a mixture of a- and £-methyl D-galacto- 
side. 

The Fraction B:—The 
separated on a column (4x14cm.) into three sub- 


sample (799 mg.) was 


THE CHROMATOGRAPHIC SEPARATION 
OF THE FRACTION B 


TABLE II 


Yield 
Sub-fraction — a—_—~ [e}h5 ef valu 
“ca %b 
B—I 3.9 13.8 0.43, 0.34 
B—II 69.3 8.7 24.2° 0.34 
B—III 20. 7 3.4° 0.19, (0.31) 
a. of the used sample, by weight. 


b. of the reacted agar when calculated as the 


parent free sugar. 


fractions shown in Table II. The sub-fraction 
fraction. B—II was 


B—I was a mixed pure 
agarobiose dimethylacetal which crystallized com- 


pletely; m.p. and mixed m.p. 161~163°,[«)j; 


28.8'(c 0.66). B—III, a methanol effluent, was 
shown to contain an unidentified substance and a 
trace of methyl galactoside on paper chromato- 
grams. 

The Fraction C: This was considered from 
its methoxyl content and its paper chromato- 
graphic examination to be chiefly composed of 
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higher oligosaccharide derivatives. Hence, it 
was submitted again to mild methanolysis, and 
agarobicse dimethylacetal produced thereby was 
analysed: a portion of the fraction C (2.38 g.) 
was boiled with 1% methanolic hydrogen chloride 
(20 cc.) for 1.5 hrs., and the reaction solution 
was treated in the similar manner to that de- 
scribed for the methanolysis of agar. The pro- 
duct (2.40 g.) was divided into two parts, the 


ethanol-methanol (5: 1)-soluble part (1.55 g.):Ca)}} 
10.3°, and the insoluble part (0.78 g.):CaJi§ 
22.9%. -aper chromatographic examination indi- 


cated that the former contained agarobiose deri- 
vative, but the latter did not. Separation of the 
former on a starch column exactly in the same 
way as described for the fraction A’ afforded the 
chromatographically pure sub-fraction of agaro- 
biose dimethylacetal in a yield of 25.5% of the 
of the reacted agar, when 
calculated as its parent free sugar), from which 
a crystalline specimen could be isolated; m.p. and 


used sample (5.1% 


mixed m.p. 161—163° Ca }I}—28.5° (c 0.42). Other 
sub-fractions were shown paper-chromatographic- 
ally to contain unidentified compounds, which will 
be studied later. 

Thus, the total yield of agarobiose units was 
calculated by summing up the yield of agarobiose 
dimethylacetal (the crystalline specimen isolated 
the sub-fraction A’—III and B—II, and 
a sub-fraction from C), 3,6—anhydro-L-galactose 
dimethylacetal (the sub-fraction A’—I) and of 
methyl p-galactoside (the sub-fraction A’—IV), 
namely, 69.5% of the reacted agar (38.6 g.) when 


from A, 


each is calculated as its parent free sugar. 


The authors wish to express their thanks 
to Mr. K. Arai for carrying out the micro- 
analysis and to Mr. K. Yamanouchi for his 
assistance in this study. This research has 
been aided by the Grant for Fundamental 
Scientific Research from the Ministry of Edu- 
cation to whom thanks are also expressed. 


Chemical Institute, Faculty of Industrial 
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The Crystal Structure of Zinc Oxyacetate, Zn:O(CH;COO): 


By Hirozo KoyAMA and Yoshihiko SAITo 


(Received October 23, 1953) 


Introduction 


Zinc oxyacetate Zn,O(CH.COO), has an 
analogous composition to beryllium oxyacetate 
Be,O(CH:COO),. Its stability, volatility’? and, 


1) N. V, Sidgwick: ‘‘ Chemical Elements and. their Com- 
pounds” p. 283, Oxford, (1950). 


furthermore, its crystal structure reported 
in a study by Wyart?’ showed that it must 


be of the same type as Be,O(CH;COO),. How- 
ever, the accurate shape and size of the 
molecule have not yet been reported. As an 


2) J. Wyart: Bull. Soc. Franc. Min., 49, 148 (1926). 
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extension of our work on beryllium oxyace- 
tate**, we have undertaken its complete 
structure determination. 


Determination of the Structure 


According to the method described by Auger 
and Robin») the compound was prepared by slowly 
distilling powdered anhydrous zinc acetate in a 
Zinc oxyacetate sublimed gradually 
and was collected as a crystalline crust on the 
cool place of the container. After being allowed 
to cool, the crystalline crust was examined and 
well-formed single crystals were picked out. They 
form small (up to 0.8mm) transparent octahedra, 
which on prolonged exposure to moist air are 
hydrolysed and become opaque, while the corres- 
ponding beryllium compound is extremely stable. 
Crystals selected for the present study were octa- 


high vacuum. 


hedra of about 0.6mm in each dimension and 
showed no remarkable cleavage. 

Laue and complete sets of oscillation photo- 
graphs were prepared. The latter were taken 


using Fe Kg radiation (A=1.937 A). The dimension 
of the unit cell, space group and other crystallo- 
graphic data were found to be in good agreement 
with those obtained by the previous investigator® : 

System: Cubic 





Unit-cell dimension: a=16.45 4 +0.03 4 
3) T. Watanabe, Y. Saito and H, Koyama: Nature, 164, 
1046 (1949), 
4) Y. Saito: X 9 (1952) (in Japanese). 
5) V. Aue r et I. Robin: Compt. rend. 178, 1546 (1924. 
J. 


¢ Wyart: loc. cit, 





TABLE II OBSERVED 
hki F'o» Peat hkl F. 
11] 9.8 24.4 1020 
220 7.4 9.35 862 9. 
1] 10.7 9.9 951 10. 
222 8.7 1.9 773 8. 
100 14.7 5.7 1022 11. 
331 11.8 3.0 666 13 
422 1.3 10.0 953 10. 
511 10.9 11.0 864 3. 
333 3 14.5 1042 1. 
140 11.5 es 1111 5 
931 11.2 11.1 775 15. 
142 9.0 20.9 880 Sle 
620 7.9 8.8 971 17. 
933 0.9 1.6 1131 9 
622 15. 4 13.9 955 9, 
t44 “Pe ! 882 
51 ae A 1044 a 4 
711 15.0 16.6 1060 Rae 
642 5.8 1.8 866 16 
731 8.6 7.9 973 
553 14.0 7 1133 11. 
800 24.4 a f 1062 9. 
733 6.3 1.6 1200 8. 
644 10.2 10.0 884 
660 25.8 23.3 1151 


The Crystal Structure of Zinc Oxyacetate, ZnyO(CH;COO), 
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Space group: Oj}—Fd3m 
Number of molecules per cell: 
Z=8 units of ZnyO(CH;COO), 
Density: pobs.=1.903 g cm. 
Peate-= 1.901 g cm™. 
The intensities of reflection were visually esti- 
mated with the aid of calibrated scales. The above- 
mentioned crystallographic data and general fea- 
tures of intensity of reflection indicated that the 
structure would be close to the cubic modification 
of beryllium oxyacetate. Referring to the struc- 
ture of beryllium compound and making use of 


Patterson projection, atomic parameters were 
deduced and refined by the method of double 
Fourier series. Final atomic parameters are 


listed in Table I. 


TABLE I 


ATOMIC PARAMETERS 


8 Oa) in &a) 000 

32 Zn 32(e) wee with x 0.069 

8% Cay 18(f) «00 r 0.220 

18 Coy 18(f) «00 r 0.314 

96 Oy 96(g) xez “ 0.047 
2: 0.185 


Structure amplitudes calculated and observed 


are given in Table II]. The agreement was good 
and the value of R= Fv F. /X Fo is 0.18 for 
all (hkl) reflections. The temperature factor used 
is of the form exp —B(sine/a)?, where B=0.4 A?. 
ND CALCULATED /-VALUE 
Pca hkl Fn Pea 
1.1 1244 2.3 
8.7 1331 2.6 
10.6 1175 1.2 1.0 
8.0 1084 2.0 1.3 
12.9 1262 8.7 9.6 
12.0 1333 10.1 10.8 
10.9 995 Ld ye 
». 7 1351 - Oe 
1,2 1175 2 
3.5 1264 1.5 6.6 
12.6 10100 7.9 6.1 
27.4 1420 9.3 1.4 
13.9 1086 1.0 3 
9.4 119] » Mp 3.9 
8.1 1353 3.8 3.4 
3.3 10102 11.1 7 
20.6 1422 3.8 4 
8.5 1280 a 2.0 
15.0 1193 9.4 10.7 
7.0 1282 1.6 0.8 
9.1 1442 y a 
8.9 10104 1.6 
7.9 1371 6.9 ‘ 
1.4 1284 1.8 
9.3 1511 7.8 9.1 
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822 16. 1 15.2 1222 2.8 1.8 1373 — 0.5 

751 13.9 11.9 1064 1.0 1444 1.0 2.4 

555 9.3 a 1153 11.6 14.5 1460 9.9 12.7 

662 13.3 2.5 975 6.1 5.8 1531 es 1.3 

840 3.9 1. 1240 Ss 1.0 1462 2.6 1.9 

911 12.4 11.8 991 11.8 11.0 333 1.4 

753 0.1 1242 13.6 12.3 11111 6.2 7.6 

842 1.8 6.8 886 y ef 12102 1.9 6.1 

664 0.2 1082 2. I 9.0 1464 y ay 3.6 

931 2 se 7 1311 iaeZ 9.6 1551 6.2 8. 2 

844 0.8 1171 0.8 1391 3.0 3.3 

771 14.2 14.4 993 9.5 9.0 11113 3.6 1.8 

933 17.6 18.4 1155 9.1 9.8 1600 a 22. 0 

755 pa 32 1066 1.7 6.0 1622 a 1 3.9 
TABLE III in agreement with those found in other ionic 

INTERATOMIC DISTANCES AND INTERBOND structures. 
ANGLES 


ZnyO(CH;COO)s Be,O(CH;COO); (16°C) 





rr ooo : SE, ° 
Oa) Zn 1.964 Oc) Be 165 4 
Ow) Zn 1.98 Oc; Be 1.61 
Zn Zn 3. 20 Be Be 2.76 
Cor) Cary te oe Cos) Cay 1.55 
Cosy Oc) 1.24 Cc» Ocep 1.3 
Ooo) Oc) 2.20 Orcs) Os) 2.24 
Oy Os) py Oc) Oc) 2. 51 
ZO0@CwOv) 125 Ow Cw@Ovw) 126 
Description of the Structure 
The interatomic distances and interbond 


angles calculated on the basis of the atomic 
parameters listed in Table 1 are given in 
Table III, together with those found in cry- 
stais of Be,O(CH,COO),. 

The structure consists of Zn,O(CH,COO), 
molecules having the shape shown in the 
Figure. The molecular symmetry is Td-43m, 
whereas that of Be,O(CH.COO), is T-23. 
This difference in molecular symmetry arises 
from slightly different orientations of the 
acetate groups in the molecule. In Zn,O(CH, 
COO); molecule, each acetate group lies 
the plane containing central oxygen 
and one edge of Zn-tetrahedron, while in the 
case of the beryllium compound below the 
transition temperature (40°C) the planes con- 
taining OCO radicals are inclined at an angle 


on 
atom 


of 12.7° with the planes of O,,) and one Be- 
Be edge. The Zn-O distances are in good 
agreement with those found in crystals of 
ZnO. In spite of the molecular nature of 
this compound, the size and shape of the 
acetate groups are, though not significant, 





Fig. 


A molecule of zinc-oxyacetate 


Summary 


The crystal structure of Zn,O(CH,COO); 
has been examined by the method of X-ray 
Fourier analysis (Fe Ka, X=1.937A). The 
general. features of the structure reported by 
Wyart in 1926 are confirmed and the atomic 
co-oridinates which hitherto remained unfixed 
have been completely determined. Lengths 
of Zn-O bonds are 1.96 and 1.98 A respectively, 
which are in good accord with those found 
in crystals of ZnO. The significance of the 
structure is discussed briefly and compared 
with that of Be,O(CH,COO),. 

We are grateful to Prof. T. Watanabe for 
suggesting this problem and to Profs. I. Nitta 
and H. Kuroya for their continued interest 
and encouragement. Part of the cost of this 
study has been defrayed by a Grant of the 
Ministry of Education. 

Institute of Polytechnics, Osaka 
City University, Osaka 
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Dielectric Behaviour of Crystalline Pentaerythritol 


By Ryoiti KrrryAMA, Shigeru YABUMOTO and Isamu NiTTA 


(Received December 21, 1953) 


Introduction 


The crystal structure of tetragonal pen- 
taerythritol shows a particular arrangement 
of hydrogen bonds, these lying in the plane 
perpendicular to the tetragonal axis and 
forming a closed square configuration.'» Ow- 
ing to this arrangement, exceptionaily per- 
fect cleavage parallel to this plane appears. 

Therefore, this crystal seems to be an ade 
quate case where the dielectric behavior of 
a hydrogen bond might be elucidated in re- 
spect to its anisotropic nature. Moreover, 
this tetragonal modification transforms at 
188°C. to a cubic one, which is looked upon 
as an example of the so-called plastic cry- 
stals and it has been assumed that the hy- 
drogen bonds in a closed square configura- 
tion of the low modification are likely to be 
broken suddenly, at partly, at trans- 
formation temperature. 

From the X-ray and thermal studies,” it 


least 


has been concluded that in the high modifi-’ 


cation, pentaerythritol molecules will rotate 
about their centers of gravity with some in- 
ternal rotations of constituting radicals. If 
such radical and molecular rotations will 
occur in the crystal lattice, they must be ob- 
servable in some dielectric behaviours, in ad- 
dition to the existence of the non-zero dipole 
moment of the molecule revealed by the 
molecular beam method carried out by Ester- 
mann.*? Thus we have studied the dielectric 
behaviours of pentaerythritol in both low 
and high modifications. 

This paper contains the results of the ex- 
periment together with some discussion about 
the nature of the so-called atomic polariza- 
tion of the hydrogen atom in hydrogen bond 
and the role of rotating hydroxy! radicals in 
the dielectrical phenomena. 


Material 
About 1 kg. of fairly pure pentaerythritol powd- 
er was purified by recrystallization several times 
from its aqueous solution and we obtained about 


1) I. Nitta and T. Watanabé, Sci. Papers Inst. Phys. 
Chem, Research (Tokyo), 34, 1669 (1938); E. G. Cox, F. J. 
Llewellyn and T. H, Goodwin, J. Chem. Soc., 1937, 882. 

2) I. Nitta, S. Seki and M. Momotani, Proc. Japan Acad., 
26 (9), 25 (1950); 1. Nitta, S. Seki, M. Momotani, K. Suzuki 
and S. Nakagawa, ibid (10) 11; I. Nitta, T. Watanabe, S. 
Seki and M. Momotani, ibid (10) 19). 

3) J. Estermann, Z. physik. Chem., B2 287 (1929), B20 
195 (1933). 


500 g. of a sufficiently pure sample with melting 
point 257°C. 

The growth of a large single crystal suitable 
for the anisotropy measurement of its dielectric 
properties was difficult to achieve to a certain ex- 
tent on account of spontaneous nucleation or ger- 
mination of conidiospore frequently occurring in 
After 
various attempts, we have succeeded in obtaining 
for these measurements 


its solution during the growth-process. 


single crystals suitable 
by slow cooling of a supersaturated aqueous solu- 
tion filled in a sealed glass-vessel, on the bottom 
of which a seed crystal had been laid beforehand. 
The optimum temperature region was 60~65°C. 
and the cooling-rate was several degrees in 3—4 
weeks. We have successfully obtained single cry- 
stals more easily than the above mentioned by 
improving a thermostat as seen in Fig. 1. The 
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Fig. 1. The thermostat for pre- 
paring a large single crystal ot 
pentaerythritol using convection 
current arised in the solution by 
strong temperature gradient ait 
the bottom of the glass vessel 


temperature of this thermostat was maintained 
constantly at a point between 60~65°C. and the 
upper end of the copper rod dipped in an ice-fil- 
led Dewar vessel was brought into contact with 
the bottom of the solution vessel in such a way 
that the seed placed inside came just above the 
upper end. This then gave rise to some slow 
convection currents downwards meeting onto the 
seed, thus the crystal grows up satisfactorily sev- 
eral times faster than in the case of the above 
procedure. 

The specimens have been prepared from such 
crystals by cutting and grinding to plates of 1.1~ 
1.8 mm. thick and 1.2~2.0 cm?. in area and affixing 
aluminum or tin foils of 1x1cm?. on both their 
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sides using vacuum grease or vaseline or some- 
times coating with aquadag. 


Apparata and Measurements 


In the high frequency region two sorts of re- 
sonance circuits were used in the present experi- 
ment. The one is constructed of a push-pull os- 
cillator of 30 Mc and a variable precision-conden- 
ser of 50pF in the resonance circuit in which the 
current is measured by means of a crystal detec- 
tor and a microammeter. The other is composed 
of either quartz oscillator of 600 kc or 3 Mc and 
a coupling resonance circuit with a variable pre- 
500 pF, the 
In order to follow quickly the 
change of temperature, we 


cision-condenser of resonance being 
detected as above. 


read equivalent resis- 


tance from the lowering of the microammeter 
reading calibrated previously by _ substitution 
method. 


In audio-frequencies, a capacity-resistance bridge 
was constructed suitable 
especially for high 





for the measurements, 
dielectric losses in the high 
temperature modification. In this bridge, the os- 
cillator is an RC type one and the balancing is 
attained by a variable precision-condenser of 1500 
pF, a set of variable non-inductance dial type re- 
sistance and a number of fixed condensers and 
resistances which are used to change arm-ratios. 
To detect the balancing, a set of crystal detector 
and galvanometer or a Brown-tube oscilloscope 
with preamplifier was used, the dielectric losses 
being calculated from the observed data. 

[he crystal condenser used for the accu 
capacity measurement at room temperature was 
carefully constructed to have almost no stray 
capacity. The dielectric constant was determined 
from the ratio of the capacity of the sample to 
that of rock salt plate with the same 
This rock salt single crystal was made by Stock- 
barger’s method in this laboratory. ‘he standard 
dielectric constant adopted for rock salt 
throughout this study. 

The cell for the 
ture dependence was made of a copper cylinder 
and a small-stray-capacity crystal condenser as 
shown in Fig. 2. The temperature was measured 





thickness. 
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Fig. 2. The measuring cell for 


the dielectric constant and loss 
of the high-temperature modifi- 
cation of pentaerythritol 


by a copper-constantan thermocouple with a milli- 
voltmeter. 
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In order to avoid sublimation and decomposi- 
tion of the sample at high temperatures, we have 
covered the bottom of the cylinder with pentaery- 
thritol powder and raised the temperature some- 
what rapidly, the rate being about 0.7°C. per 
minute. 

For the measurement of direct current (D. C.) 
conductivity, the specimen was coated with aqua- 
dag, then dried at about 110°C., and the measure- 
ment carried out using a Wheatstone bridge with 
a battery of 4V. For the purpose of avoiding the 
effect of electrolytic polarization in the specimen, 
the successive readings were at longer intervals 
and the field direction was altered every time. 

Results 


The dielectric constants at room tempera- 
ture for the respective field directions parallel 
to the c- and a-axes of the crystal are as 
follows: 

€c=2.89, and €4=3.7, 

at frequencies from 5 kc to 30 Mc and at 17°C., 
where é€a is calculated from the value 3.37 of 
the plate measured perpendicular to the na- 
tural o(111) plane. Thus these values show 
no appreciable dispersion. It may be added 
that the dielectric losses are too small to be 
observed in our experiments for the mentioned 
region of frequencies at room temperature. 

Up to the transition point, there is no ap- 
temperature dependence of these 
phenomena at frequency. 
where a small anomaly 
has been reported 


preciable 
dielectric 
Even at about 130°C. 
of its specific heat curve 
in a previous paper,’ there is observed noth- 


every 


ing anomalous in the present dielectric study. 
On heating a_ single crystal specimen 
through and above the transition point, its 








dielectric constant and loss both increase 
suddenly as shown in Fig. 3. 
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Fig. 3. Temperature dependences of 


the dielectric constants and losses of 
pentaerythritol in both low- and 
high- temperature modifications 
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The dielectric behaviour of the high tem- 
perature modification was carefully measured 
up to 220°C. at the above-mentioned frequenc- 
ies except for 0.5kc, at the latter frequency 
the measurement became somewhat uncertain 
because of the scaling out of the instrument. 
As seen in Fig. 3 a remarkable dielectric 
dispersion in the audio-frequency region ap- 
pears. And, it is worth noticing that the 
measured capacities of the specimens with 
the metal foils are always considerably larger 


than those coated with aquadag at every 
temperature as well as frequency. 
At the transition point, dielectric losses 


suddenly at every frequency used, 
and above it they increase rapidly with tem 
perature. In audio frequencies, the loss of 
a metal-foiled plate is higher than that of an 
aquadag-coated plate but in high frequencies 
such a phenomenon was not observed. The 
frequency dependence of the dieiectric con- 
stants and losses is shown in Fig. 4. 
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Fig. 4. Frequency dependences of 


the dielectric constant and loss of 
the high-temperature modification 
of pentaerythritol 
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Fig. 5. Specific conductivities of 


pentaerythritol crystal at various 
temperatures 
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The specific conductivities at various tem- 
peratures are plotted against reciprocals of 
absolute temperatures in Fig. 5. In spite of 
inaccuracy of the D.C. conductivity measure- 
ments, many points are distributed in the 
form of a straight line. The value of the 
conductivities are unexpectedly large compar- 
ed with those of ordinary molecular crystals. 


Discussion 


I, The Low Temperature Modification (tetrag- 
onal form 

Refractive indices and their temperature 
dependences were measured formerly by one 
of the authors (Kiriyama). The values at 
room temperature, listed in Table I, agree 
fairly well with those quoted in Groth’s 
Chemische Krystallographie. This crystal is 
optically negative, refractive indices 7,» and 
He corresponding to #a and me repectively, 
of which their suffixes respresent the direc- 
tions of the electric field of the light wave. 
In Table II the squares of the refractive in 


TABLE I 


REFRACTIVE INDICES OF PENTAERYTHRITOL 


A(mym) Ny Ns 
186 1. 5628 1.5218 
089 1, 5559 1.5146 
659 lL. S087 1.5109 

TABLE II 


DIELECTRIC CONSTANTS AND SQARES OF 
REFRACTIVE INDICES OF PENTAERYTHRITOL 
ta 3.7 Naz 2.38 


€- 2.89 Nn. 2.24 


dices, extrapolated to infinitely long wave 
length by Cauchy’s dispersion formula, are 
given in comparison with corresponding die- 
lectric constants. The latter are appreciably 
larger than the former in both directions. 
These differences may be attributed chiefly 
to the socalled atomic polarization of a hy- 
drogen bond, the O-H---O system, or roughly 
speaking, ionic polarization of a proton of the 
system. 

From our previous studies on the double 
refraction of the tetragonal molecular crystal 
(Nitta) and the above-mentioned temperature 
dependence of the double refraction of the 
present crystal (Kiriyama)', it was found that 
the Lorentz-Lorenz relation held approximate- 
ly for the present crystal and the observed 
temperature dependence was primarily due to 
the anisotropic thermal expansion of the 
lattice, there being no evidence that the 
electronic polarization of the molecule itself 
had changed with the temperature. 


] meeting of the Chemical Societs 


4) Read before the ar 
of Japan (1939). 


5) I. Nitta, Sci. Papers Inst. Phys. Chem. Research 
Tokyo), 37, 114 (1940). 
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Thus assuming that the Lorentz-Lorenz and 
Clausius-Mosotti formulae hold goods, we 
obtain somewhat formally the two components 
of the atomic polarization per mole to be 
approximately, 

Pr=S.1cce. and Pra 
which correspond to 24% and 34% of the 
total polarization P7r(P r- 46 cc.) in 
each direction. The fact that we have still 
a considerable amount of Par and Pua will 
the hydrogen bond is largely of 


I5cc. 


imply that y 
the ionic nature and relative displacement of 
the hydrogen atoms or induced by 
the externa! field will be 
more in the case of P 42. 
it will be 


protons , 
considerable, being 
In this connection 


interesting to reexamine the ex- 


perimental result of the infra-red study ca 
ried out by Ellis and Bath for this crystal.® 
The temperature dependence of the dielec- 


1 


tric constants up to the transition point is 





negligibly small in spite of the large expan- 
sion coefficient along the c-axis.2> This may 
be expl: | by the cancellation of the 


decrease of the dielectric constants due to 
increase of ionic 
thermal 
loosening of the be added 
that, according to Bayley’s low temperature 
this substance shows no signifi- 
change in the from 
is outside of the region 


decreasing density by the 
asing 


may 


polarization due to the inci 


lattice. It 


observation, 
cant dielectric 
100° to 0°C. which 


region 


of our experiment. 


Il, The High Temperature Modification (cubic 
form 

The high form is 
and it is one example of the so-called plastic 


temperature isotropic 
crystals, resembling the liquid state in many 
points. The molecule possesses statistically 
a mean shape of cubic or spherical symmetry 
owing to the internal rotation 
C-C and C-O bonds as well as finite or in- 
finite possible molecular orientations. 

At higher temperatures than the transition 


around the 


point, the dielectric phenomena are somewhat 
unusual. The large 


losses as well as their 


dielectric constant and 
remarkable 
ture dependences at audio frequencies are 


tempera- 


evidently due to the D.C. conduction, as con 
firmed by the directly large D.C. 
Similar phenomena 


observed 


conductivity. have been 





observed with long chain alcohols and mon- 


oglycerides Their abnormally high dielec- 


tric constants with dispersion in the solid 
f . W. Ell ind th, J. Chem. Ph as B 1 
cf. T F. W 1 } 5. Pitzer, ]. Amer. Chem. 
Soc., 71 1949 (1949 
7) S. T. Bayley, Trans. Faraday Soc., 47, 513 (1951). 
Y i, Pre Japan Acad., 2%, 65 (1947); J 
D. H tin and ¢ P. 2 J. 151 
1949 R. W. Cro (cc. P 0). 
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phase decrease by a considerable amount at 
the melting points and show no dispersion 
effects in the moiten state. However, in the 
present case of pentaerythritol we could not 


extend such measurement because of the 
considerably rapid decomposition as well as 


sublimation near the melting point. 

The observed conductivity must be due to 
a kind of protonic transfer. From the tem- 
perature dependence of the D.C. conductivity 
a, the activation energy Fis estimated to be 
roughly 20kcal./mole assuming the usual re- 
Aexp (-E/RT). This energy value 
l r than that of ice which 
is estimated to be about 10kcal./mole. It is 


interesting to notice that, while the latter is 


lation 7 





is appreciably larg 





ipproximately equal to the heat of sublima- 
tion, the former vaiue, 20 kcal./mole,is again 
nearly heat of sublimation of 
pentaerythritol in the high temperature mod- 
ification as has been measured in this labor- 
Thus, 
to the electrical conduction it seems as if the 
the same 
some 


equal to the 


1 


formally speaking, in regard 


atory.” 


molecule which has approximately 


energy as in the vapour state plays 
role in transporting the protonic charge. It 
should be added that in the measurement of 
the dielectric constant greater 
plate 
vaseline or vacuum grease 


with 


we obtained 
values in the case of the specimen 
metal-foild with 
than in the case 
The higher 
polarization of 
high 





when it was coated 
value is thus due to 
accumulated 
resistance of 


aquadag. 
the interfacial 
protons caused by the 
vaseline or vacuum grease. 

The appreciable dispersion effect in these 
audio frequency regions is not observed any 
more in the high frequency region (600kc to 
30Mc). This will mean that the time of re- 
laxation concerning the transport of the 
protonic charge is by far larger than the 
period of these alternating fields. Neverthe- 
less the dielectric constant of the high tem- 
perature modification at these high frequen- 
ies is still considerably greater than that of 
This fact 
acquisition of a dipole moment 


the low temperature modification. 
is due to the 
of pentaervthrito! molecule arising from the 
internal molecular rotation above the transi- 
tion point, the molecule in the tetragonal 
from having the symmetry of S,-4, and thus 
no dipole moment. This supports qualitative- 
ly the conclusion of the X-ray study already 
mentioned. Moreover the time of relaxation 
for the dipole orientation may have something 


to do Wi 


th that of the internal rotation and 
be considerably shorter than the applied high 
frequencies. It is also interesting to notice 
Bulletin, 24, 63 


») 1. Nitta, S. his 
2 5, 344 (1951). 
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that as far as our measurement covers the 
dielectric constant it remains almost unchang- 
ed at various temperatures. 

From the forma! application of the well- 
known Debye formula™ for the orientation 
polerization using the dielectric constant 16.7 
and the refractive index 1.439 calculated from 
the average refractive index of the low tem- 
perature form and the volume change at the 
transition point, the dipole moment of the 
molecule in the crystal at 200°C. was calculat- 
ed to be 1.8D, which agrees fairly well with 
<stermann’s value 2D obtained by the mole- 
cular beam method, though these should not 
be compared with the other directly. Another 
formal application of the Debye formula for 
hindered dipole rotation,'? assuming the Es- 
termann value 2D we obtain for the hinder- 
ing potential U=1.3kcal./mole so as to be 
able to account for the peculiar behaviour 
when the _ dielectric 
proximately the same in the high tem 


constant remains ap- 


perature 





region. 
Evidently the two Debye 
above are not satisfactory in 


formulae used 
respect to the 
consideration of the reaction field. If we next 
use the formula of Onsager'?? we obtain the 
moment in vacuum p»=3.9D which is by far 
greater than Estermann’s and will mean that 
all the local dipole moments in the molecule 


orientate themselves to a considerable extent. 


in the same direction. This difficulty comes 
out of course from the neglect of the short 
10) P. Debye, “‘ Polare Molekeln ” Leipzig, 1929, p. 27. 


11) P- Debye, Physik. Z., 36, 169 (1935); Chem. Rev. 19, 


171 (1936 


12) L. Onsager, J. Amer. Chem. Soc., 58, 1486 (1936). 
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range interaction. Thus we come now to the 
Kirkwood formula for polar liquid.’ 


3es (nm? +2\2 427 prvNo, 
= | —, } B®’ (1+zc0s7) 
2+n?7\ 3 / 3 kT 


where cos7 is the averaged cosine of angles 
between nieghbouring dipoles and z is the 
number of the nearest nieghbours which is 
in the present case equal to 12. Substituting 
the following numerical values for the static 
dielectric constant es=16.7 and p»r=2x10-", 
we obtain cosy=0.244. In the case of water 
the value of cos7 is equal to 1/3, assuming 
the free rotation of one of the OH bonds of 
about the other OH bond 
direction towards the 
neighbouring oxygen atom.’ Hence the 
value 1/4 would mean that the short range 
interaction can not be neglected. It would 
be better not to go further in detail because 


€s— n°? 


water moiecule 
which is fixed in a 


of the difficulties as follows; the molecules in 
complicated in- 


ec 


the cubic form carrying out 
ternal rotations which cause the dipole mo- 
ment of the molecule as a whole change from 
time to time, thus the theories of Onsager 
and Kirkwood are not directly applicable to 
the present case, in which the statistical 


average of short range interactions due to 
changing dipole moment is very difficult to 


compute with accuracy. 


Department of Chemistry, Faculty of 
Science, Osaka University, 
Nakanoshima, Osaka 
J. G. Kirkwood, J. Chem. Phys., 7, 911 (1939). 


Kirkwood, Trans. Faraday Soc., 42, 7 (1946); 


cf. H. Frohlich, ‘‘ Theory of Dielectrics ’’, Oxford, 1949, P. 
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Hexamethoxy Disilane 
By Rokuro OKAWARA and Toshio TANAKA 


(Received November 13, 1953) 


Among the alkoxyds of disilane, hexa- 


hexapropoxy”- disilane only 
Now we wish to report 


y9roperties of hexa- 


ethoxy-'* and 
have been studied. 
on the preparation and 





methoxy disilane (CH-,;O).SiSi(OCH:;):, the 
1) G. Martin, J. Chem. Soc., 105, 2869 (1 ‘ 
2) E. W. Abrahamson, I. Joffe and H. W. Post, J. Org. 


Chem., 13, 275 (1948). 








lowest member of the alkoxyds of disilane. 
Hexachlorodisilane (b.p. 69.8° C./49 mm. Hg. 
m.p. —1.2°~—0.8°C., Anal. Calcd. for Si,Cl,: 
Cl, 79.18, Found: Cl, 79.05) (36 g., 0.134 mol.) 
was placed in a 300cc. three-necked flask, 
equipped with an efficient stirrer, a dropping 
funnel and a _ reflux 
cooled with an ice-salt bath. The outlet tube 
from the upper end of the condenser was 
led above the surface of the alkali 
placed to absorb the hydrogen 
After the hexachlorodisilane 
was completely solidified, the purified and 
dehydrated methanol (0.05% H.O, determined 


condenser, and was 


solution 
which was 
chloride gas. 
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by the Kahr-Fischer reagent) (26.5 ¢., 0.83 
mol.) was added drop by drop to the solid. 
When the solid was made to disappear by 
the reaction, the temperature of the mixture 
with vigorous 
was raised to 


was gradually raised to 30°C. 
stirring. If the temperature 
40°C., the floating white mass was suddenly 
increased on the surface of alkali solution 
under the outlet tube. Since this mass may 
be regarded as a decomposition product ap- 
pearing from the fission of Si-Si bond, the 
dehydrochlorination of the mixture was car- 
ried out by bubbling nitrogen slowly through 
the mixture at the temperature not over 
30°C. After bubbling for five hours, 28 g. of 
the mixture was obtained, of which the chlo- 
rine content was 3%. Repeated addition of 
methanol, followed by aeration with nitrogen 
could not markedly reduce the chlorine con- 
tent. 

When the product was fractionated adding 
a small amount of methanol, there was ob 
hexamethoxy disilane con 
trace of methoxy chlorodi 
causes the 


tained impure 
taminated by a 
silane, which fumes in air and 
hexamethoxy disilane to decompose when the 
prepare the 
trace of me- 
completely 


is exposed to air. To 
disilane, a 
should be 


product 
hexamethoxy 


chlorodisilane 


pure 
thoxy 
expelled before the fractionation. 

following ammonia 
A small 


For this purpose the 


treatment was found to be effective. 
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amount of methanol (3 g.) was added to the 
mixture (28 g.) and dry ammonia gas was 
slowly bubbled through the mixture, until 
the odor of hydrogen chloride disappeared. 
After filtration, the precipitate was washed 
with a small quantity of dehydrated ethyl 
ether. The filtrate was repeatedly evacuated 
until the odor of ammonia practically disap- 
peared. 

The product was rigorously 
through a semi-micro Stedman column of 
about 15 plates under reduced pressure. The 
constant boiling fraction (i): 63°~4°C./86 
mm.Hg (6g.), (II): 100°~101°C./20 mm.Hg (8 


g., yield: 25%) and the residue (6g.) were 


fractionated 


obtained. 

Judging from the boiling point, fraction (I) 
may be methyl orthosilicate. The fraction 
(II), which was analysed, was a transparent 
liquid having a faint odor and did not de- 
i) 1.4070, d%’ 1.095. Anal. 
Calcd. for C;H,.0;Si, 
H: 749, Si: 23.18, Found for GI), C: 
H: 7.60, Si: 23.0, mol. wt. 235 (in benzene). 

The authors wish to express their sincere 
thanks to Dr. Watase for his gracious en- 
couragement during this work. Our thanks 
are also due to the Ministry of Education 
for aid in this research. 


compose in air. 


(mol. 
C 


wt. 242), C: 29.73. 
29.48, 
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